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THE AMERICAN PHILOSOPHICAL SOCIETY AND INTERNATIONAL RELATIONS 
EDWIN G. CONKLIN 


Past President of the American Philosophical Society 
Professor Emeritus of Biology, Princeton University 


(Read October 18, 1946, in the Symposium of the American Philosophical Society 
on America’s Role in the Growth of Science) 


At a time when the people of the whole world 
are becoming keenly aware of the overwhelming 
dangers to peace and progress in the wide-spread 
spirit of extreme nationalism and political isola- 
tion, it is with a feeling of regret and loss that 
members of learned societies today recall the 
generous internationalism among such societies 
in former centuries when the love of knowledge 
made philosophers citizens of one world, and 
when Benjamin Franklin, founder and patron 
saint of the American Philosophical Society, 
could say that he looked forward to the day when 
a philosopher, transported to any country on 
earth, could say, ‘““This is my country.” 

Although Franklin was a patriotic citizen of 
Philadelphia and Pennsylvania and the leading 
representative of the British Colonies in America 
in their conflict with the mother country, in 
which he labored for years to prevent separation, 
and although after separation became inevitable, 
he was one of the foremost men in America in 
the struggle for national independence and in the 
founding of the United States Government, he 
was philosophically a citizen of the world, known 
and respected in Great Britain, France, Spain, 
Italy, Germany, Russia, and the Scandanavian 
countries. Even in his own lifetime he could 
have stood in any country in Europe and, as a 
philosopher, could have said, ‘“This is my coun- 
try.”’ His popular publications were known and 
admired throughout the world and had been 
translated into all the chief languages. His 
scientific writings were translated and published 
in many European countries and had led to his 
election to membership in all the more important 
learned societies of Europe. His statesmanship 
at home and abroad had made him one of the 
leading figures of his time, known and respected 
by kings, courtiers, and nobility, as well as by 
the common people. As truly as any man of 
his period, he was a citizen of the world. 

It is as true today as it was in Franklin’s time 
that science and learning are truly international 
—indeed they are now much more international 
than ever before—but alas! we have learned in 


the present century that nationalism may be 
stronger than science, love of country greater 
than love of knowledge, even among some mem- 
bers of learned societies. 

It is fitting at this time and place to recall the 
internationalism of the scientific societies of the 
seventeenth and eighteenth centuries—of the 
ancient Academia dei Lincei of Rome (1603- 
1657), the Academia dei Cimento of Florence 
(1657-1667), the Académie des Sciences of 
Paris (1666) and, especially the Royal Society 
of London (1662). All of these, and many other 
learned societies founded later, were not pri- 
marily national in aims and membership; they 
bore the names of cities rather than of nations 
and they were authorized by their charters to 
exchange scientific information, instruments, 
and materials with other scientific societies or 
individuals at all times, whether in peace or war. 
The Charter of the Royal Society granted by 
Charles II in 1662 provides that “It may enjoy 
mutual intelligence and knowledge with... 
strangers and foreigners . . . without any mol- 
estation, interruption or disturbance whatsoever 

. in matters or things philosophical, mathe- 
matical or mechanical.”’ 

The American Philosophical Society took as 
its model ‘that illustrious Body, the Royal 
Society of London, whose example [they] think 
it their honor to follow, in their endeavours for 
enlarging the Sphere of Knowledge and useful 
Arts.”” This later society followed the older 
one in purpose, form of organization, laws, fields 
covered, type of publication, and in its generous 
internationalism. Although the American Phil- 
osophical Society was started by Franklin in 
1743, its Charter, for various reasons, was not 
granted by the Commonwealth of Pennsylvania 
until 1780 when the Colonies were in the midst 
of the War for American Independence, but, in 
spite of the national antagonisms generated by 
more than four years of war, the final section of 
its Charter reads: 


And whereas nations truly civilized (however un- 
happily at variance on other accounts) will never 
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wage war with the Arts and Sciences and the com- 
mon Interests of humanity. 

be it further enacted by the authority aforesaid, 
That it shall and may be lawful for the saicd Society 
by their proper officers, at all times, whether in 
peace or war, to correspond with learned Societies, 
as well as individual learned men, of any nation or 
country, upon matters merely belonging to the 
business of the said Society, such as the mutual 
communication of their discoveries and proceedings 
in Philosophy and Science; the procuring books, 
apparatus, natural curiosities, and such other 
articles and intelligence as are usually exchanged 
between learned bodies, for furthering their common 
pursuits; Provided always, That such correspondence 
of the said Society be at all times open to the in- 
spection of the Supreme Executive Council of this 
Commonwealth. 


In a manuscript velume of papers in the British 
Museum, dated 1663, by Robert Hooke, Curator 
of the Royal Society, is the statement: 


The business and design of the Roval Society is 
to improve the knowledge of natural! things and all 
useful Arts, Manufactures, Mechanick practices, 
Engynes and Inventions, by Experiments (not med- 
dling with Divinity, Metaphysics Moralls, Politicks, 
Grammar, Rhetorick, or Logick.' 


The very subjects that now go under the name 
of “philosophy’’ were generally excluded from 
the philosophical societies of the seventeenth 
and eighteenth centuries in protest against ‘‘the 
improving of natural knowledge”’ or ‘‘the promot- 
ing of useful knowledge’ by speculation and 
intuition and in favor of the newer scientific 
method of detailed observation and experiment. 
The name “‘philosophy”’ was used in its original 
meaning, love of knowledge, and as the essential 
equivalent of what is now called “‘science.”’ 

Throughout its long history the Royal Society 
has retained this restriction of its field to the 
observational, and experimental sciences. The 
American Philosophical Society followed the 
same course in its early history, but in 1815 it 
added to the six original committees or sections 
of these sciences a seventh on history and general 
literature, thus including what are now called 
“social sciences’’ and “humanities.” 

In addition to the internationalism authorized 
by the charters of these early societies many 
specific instances could be given of generous 
internationalism among their officers and mem- 
bers, even in periods of war; cases in which the 


‘Weld, C. R., A history of the Royal Society with 
Memoirs of the Presidents, I: 146, London, 1848. 
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exchange of visits between members of acade- 
mies located in hostile countries was encouraged, 
and honors and medals awarded for significant 
research even though in enemy _ countries. 
These early scientific societies held with the 
American Philosophical Society that, ‘‘Nations 
truly civilized (however unhappily at variance 
on other accounts)will never wage war with the 
Arts and Sciences and the common Interests of 
humanity.”’ 

These examples of internationalism among 
scientific societies of former centuries should 
serve to recall the societies and academies of the 
present century to one of their most important 
functions in the present political and social 
crises. What greater service can learned soci- 
eties now render than to cultivate friendly rela- 
tions among all societies dedicated to the ‘‘in- 
crease and diffusion of knowledge among men,” 
in the resounding phrase of James Smithson? 
It is with this purpose that several of the scienti- 
fic societies and academies of Europe, Asia, 
Africa, Australasia, and the Americas have been 
invited to send representatives to the United 
States, to visit our societies and institutions, to 
renew old friendships and make new ones, to 
strengthen the bonds among scientists and 


scholars of different countries, and thus to pro- 
mote the aims of the United Nations Educational 
Scientific and Cultural Organization. 

The American Philosophical Society, as the 
oldest learned society on this continent, is happy 
to have this opportunity of formally extending 
to the visiting delegates of other academies a 


cordial welcome. Some of these delegates are 
already foreign members of our Society and all 
are our honored guests. Since the history of our 
Society may not be familiar to all of our guests it 
may be appropriate to introduce our Society to 
you and the organizations you represent. With 
this purpose in view I have seen asked to speak 
on “The American Philosophical Society and 
International Relations.” 


On May 14, 1743 Benjamin Franklin printed 
“A Proposal for Promoting Useful Knowledge 
among the British Plantations in America.”’ 
Some of the more important items in this pro- 
posal were the following: 


That One Society be formed of Virtuosi or 
ingenious Men residing in the several Colonies to be 
called The American Philosophical Society who are to 
maintain a constant Correspondence. 

That Philadelphia being the City nearest the 
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Centre of the Continent-Colonies, communicating ° 


with all of them northward and southward by Post, 
and with all the Islands by Sea, and having the 
Advantage of a good growing Library, be the Centre 
of the Society. 

That at Philadelphia there be always at least seven 
Members, viz., a Physician, a Botanist, a Mathe- 
matician, a Chemist, a Mechanician, a Geographer, 
and a general Natural Philosopher, besides a 
President, Treasurer and Secretary. 

That these Members meet once a Month, or 
oftener, at their own Expense, to communicate to 
each other their Observations, Experiments, &c. 
to receive, read and consider such Letters, Com- 
munications, or Queries as shall be sent from distant 
Members; to direct the Dispersing of Copies of such 
Communications as are valuable, to other distant 
Members, in order to procure their Sentiments 
thereupon, &c. ... 

That a Correspondence already begun by some 
intended Members, shall be kept up by this Society 
with the Roya. Society of London, and with the 
DUBLIN SOCIETY. ... 

That at the End of every Year, Collections be 
made and printed, of such Experiments, Discoveries, 
Improvements, &c. as may be thought of publick 
Advantage. And that every Member have a Copy 
sent him... . 

Benjamin Franklin, the Writer of this Proposal, 
offers himself to serve the Society as their Secretary, 
till they shall be provided with one more capable. 


This Proposal was circulated among ‘‘ingeni- 
ous men” in Pennsylvania and other Colonies, 
and about one year later Franklin reported in a 
letter to a member in New York that “the 
Society, as far as relates to Philadelphia, is 
actually formed, and has had several Meetings 


to mutual Satisfaction.”” Then follows a list 
of nine Philadelphia members, naming the 
president, treasurer, secretary, and a physician, 
botanist, mathematician, mechanician, geogra- 
pher, and general natural philosopher, in addi- 
tion to others from the Jerseys and New York. 
“And there are a number of others in Virginia, 
Maryland, Carolina, and the New England 
Colonies who we expect to join us as soon as they 
are acquainted that the Society has begun to 
form itself.” 

It is evident that Franklin had in mind an 
American Society more or less like the Royal 
Society of London, in which the principal duties 
of the Secretary, whose office he was willing to 
assume, would be the maintenance of correspond- 
ence with distant members and with European 
societies, the organizing of meetings, the ab- 
stracting, correcting, and methodizing of papers 
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presented and preparing them for publication, 
just as Henry Oldenburg, Secretary of the Royal 
Society in its early years, did so admirably for 
that Society. 

But Franklin was at that time a very active 
publisher, scientific investigator and _ public 
official, and soon thereafter he was the chosen 
Agent of Pennsylvania, and later of other Col- 
onies, in their relations with the British Govern- 
ment, and as such he spent most of his time in 
London. Consequently these duties of the 
Secretary of the newly-formed Society neces- 
sarily devolved upon others less active and de- 
voted than himself. No minutes of meetings of 
the Society between 1744 and 1768 are now ex- 
tant and it is probable that the organization was 
relatively inactive during that period. 

Regular minutes begin in January 1768 with 
a meeting of three original members and _ six 
elected later. It was voted to invite John 
Penn, Lieutenant Governor and grandson of 
William Penn, to become Patron of the Society, 
and James Hamilton, former Governor of the 
Province, and the Hon. William Allen, Chief 
Justice of Pennsylvania, to become members. 
They accepted, and thus the Philosophical 
Society allied itself with the Proprietor’s party 
and thereafter during that year meetings were 
held in the State House (the present Independ- 
ence Hall). At these meetings scientific dis- 
coveries were announced, inventions were de- 
scribed, models exhibited, and the Secretaries 
laid before the Society a project to erect an 
observatory, obtain instruments and make pre- 
parations to observe the transit of the planet 
Venus across the disk of the sun on June 3, 1769. 

This relatively rare phenomenon had excited 
great interest throughout the scientific world, 
since among other things the results of careful 
observation would help to determine more ac- 
curately the distance of the earth from the sun. 
The Royal Society sent observers to Fort Prince 
of Wales on Hudson Bay and Lieutenant 
(later Captain) James Cook, with a company of 
scientists, was sent on the ship Endeavour to 
Otahiti in the Pacific to observe this transit of 
June 3, 1769; this was the first of Captain 
Cook’s famous voyages of discovery. Other 
transit parties were sent to Norway and Ireland 
and plans were made for observations at twelve 
or more different points in North America. The 
recently revived American Philosophical Society 
appealed to the House of Assembly of the 
Province of Pennsylvania for financial assistance 


































































































































































































































































































4 





EDWIN G. 


in this large undertaking and it was granted 
£ 100 sterling to purchase a telescope and given 
permission to erect an observatory platform in 
the State House Yard. 

This burst of activity on the part of a society 
that had been dormant for twenty-four years was 
stimulated by rivalry with another society which 
was the outgrowth of a local club or Junto 
of twelve members which in turn may have been 
the successor of the Junto started by Franklin 
in 1727. Its membership was limited to 12, and 
only 9 were listed in 1766. On December 13, 
1766 this Junto enlarged its purposes and mem- 
bership and took the name of The American 
Society for promoting and propagating useful 
knowledge, held at Philadelphia. The year 1768 
was a very active one in the American Society, 
as it was in the Philosophical Society. Meetings 
of the former were held frequently, generally 
every week, and during that year 124 new mem- 
bers were elected at twenty-four meetings; 26 
of these were also members of the American 
Philosophical Society; in addition the American 
Society had 25 old members, or a total roll of 
149. In general the members of the American 
Society were sympathetic with the Popular or 
democratic party in Pennsylvania, while members 
of the Philosophical Society were more inclined to 
the Proprietary or aristocratic party. On Sep- 
tember 23, 1768, the American Society modified its 
name to The American Society, held at Philadelphia, 
for promoting useful Knowledge, and on November 
4, 1768, Benjamin Franklin was elected its 
President, although he was then in Europe. 

Early in 1768 the Philosophical Society re- 
ceived a proposal of union of the two societies 
since both had common views and_ purposes. 
This proposal was discussed throughout the 
year and plans of union were formulated “on 
terms of perfect equality.’’ These terms pro- 
vided, among many other things, that the name 
of the united society should combine the former 
names of both, viz. “The American Philosophical 
Society, held at Philadelphia for promoting 
Useful Knowledge’; that all the members of 
each society at the end of the year 1768 should 
become members of the United Society; and that 
its first meeting should be held at the College 
lof Philadelphia] on January 2, 1769, at which 
time officers should be chosen by ballot and John 
Penn, Governor of the Province, be requested to 
serve as Patron. 

It is evident that both societies endeavored to 
have a large and equal number of members at 
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the time of their union. The Philosophical Soci- 
ety had 11 old members on its roll and it elected 
117 new members at eight meetings in 1768; the 
American Society elected 124 new members and 
had 25 old members on its roll. Thus the number 
of members of the Philosophical Society at the 
time of the union was 128 and of the American 
Society 149, while 26 belonged to both Societies, 
or, excluding duplications, a total of 251. 

At the election of officers on January 2, 1769, 
former Governor James Hamilton who had been 
President of the Philosophical Society, and 
Benjamin Franklin, President of the American 
Society, were candidates for the presidency of 
the United Society and rivalry ran high be- 
tween the supporters of these two representing 
the Proprietary and the Popular parties of the 
Commonwealth. Although Franklin was at 
that time, and for many years after, absent in 
Europe, he was elected President and thereafter 
continued to be elected annually until after his 
death in 1790. The Governor, John Penn, took 
seriously the defeat of Hamilton in the election 
and refused to be Patron of the Society, but two 
years later his successor, Richard Penn, accepted 
the invitation to be Patron. The United 
Society thus began its active work under its 
present name on January 2, 1769. 

The character of that work included both 
pure and applied science with emphasis rather 
strong on the development of agriculture and 
practical arts. Many of the papers on these 
subjects were recommended by the appropriate 
committees for publication in the Pennsylvania 
Gazette, in order to bring them at once to the 
attention of farmers and others most interested ; 
other papers of a more general interest were 
published in the American Magazine. But pure 
science was by no means neglected and, in 
particular, plans for the observation of the 
transit of Venus on June 3, 1769, were carefully 
completed and carried through as a cooperative 
project by several members. Detailed observa- 
tions from three places in and near Philadelphia 
were most successful and the calculations of the 
results occupy most of the first number of the 
newly established Transactions of the American 


? Of this number 170 were from Pennsylvania, 52 from 
other Colonies from South Carolina to Massachusetts 
Bay, and 29 were from foreign lands. Of the latter 9 were 
from the British West Indies and Nova Scotia, 4 were 
British officers in the Colonies, 10 were British scientists 
and physicians, and 7 were from five different countries of 
Europe. 
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Philosophical Society which began publication 
in that same year, 1769. The first volume was 
completed in 1771, and copies were sent to 
twenty-three of ‘“‘the more considerable’’ philo- 
sophical societies and universities of Europe, 
while Franklin, then in England, served as dis- 
tributing agent by supplying copies to learned 
individuals and societies not previously reached. 
The ‘‘Advertisement”’ (Preface) of this volume, 
after stating that its editors were following the 
rules of publication adopted by “that illustrious 
Body, the Royal Society of London,” modestly 
adds: ‘“‘And though, in countries where the Arts 
and all useful Improvements have arrived al- 
most at their maturity, the following Work may 
scarce be considered as a mite thrown into the 
common treasury; yet here, where they are but 
in their infancy, it may be received as some ac- 
cession to our smaller Stock.’’ This volume had 
been carefully prepared and it received high 
praise from leading scientists of Europe and at 
once served to establish the international stand- 
ing of the Society. The cost of this publication 
had exhausted all the funds of the Society and 
an appeal was made to the General Assembly of 
Pennsylvania for financial support. In 1773 a 
grant of £ 250 was made and this with the £ 100 


granted for the telescope in 1768 and the grant 
of land in State House Square as a site for the 
Society’s Hall were all the financial aid given by 


the State. Unlike many learned societies of 
other countries which were liberally supported 
by public funds, the American Philosophical 
Society was otherwise wholly dependent upon 
its own members and other interested individ- 
uals. 

A second volume of the Transactions did not 
appear until 1786 after the War for Independ- 
ence, a third in 1793, and a fourth in 1799. Sets 
of these four volumes were sent to thirty-eight 
foreign Academies and Societies as well as to 
principal colleges and universities in this and 
foreign lands and valuable exchanges of publica- 
tions were thus early established in the eigh- 
teenth century. A fifth volume of Transactions 
appeared in 1802 and a sixth in 1809. In 1818 
a new series of Transactions, in larger format 
than the old, was started, and this has been 
continued until at present thirty-five volumes of 
this new series, have been completed. The 
Transactions of the American Philosophical 
Society is the oldest scientific periodical in 
America and contains contributions and mono- 
graphs by many leading scientists of this and 
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other lands. It is now employed largely for the 
publication of the more specialized results of 
research and especially for large monographs. 

In 1838 the Society established another series, 
the Proceedings of the American Philosophical 
Society which is now in its ninety-first volume. 
This series contains many of the papers and 
symposia offered at its meetings as well as con- 
tributions from other sources. A classified list 
of all contributions in these two series from their 
beginning to 1940 gives more than three thous- 
and titles, distributed over fields of research as 
follows: anatomy and zoology 374, physics 317, 
paleontology 296, geology and mineralogy 237, 
astronomy 227, chemistry 188, botany 134, 
meteorology 134, biology 129, engineering and 
aeronautics 114, geophysics and magnetism 96, 
geography and exploration 77, archaeology 73, 
ethnology 71, philology 69, history 69, pathology 
and medicine 67, physiology 65, law and politics 
49, economics 43, anthropology 42, history of 
the American Philosophical Society 42, mathe- 
matics 41, agriculture and husbandry 36, 
sanitation and vital statistics 36, philosophy 
(sp.) 29, articles on Benjamin Franklin 27, 
psychology 24, money and numismatics 21, 
literature 18, education 15, hydrology and 
oceanography 12, fine arts 12, publication 7. 
This list indicates the fields covered by the 
Society and the relative numbers, though not 
necessarily the relative importance, of publica- 
tions in these fields. 

In 1935 a new series of publications was initi- 
ated, the Memoirs, for scholarly books in all 
the fields of learning. Already twenty-two 
volumes have been issued in this series. Finally 
in 1937, the Year Book was started to record annu- 
ally the news and activity of the Society and to 
present reports from recipients of research grants. 
These publications are rather widely distributed 
throughout the world to learned societies, scien- 
tific institutions, universities, and libraries, as well 
as to individuals and they furnish an enduring 
record of the contribution of the American 
Philosophical Society to useful knowledge. 

The early publications of the Society began to 
bring to it by way of exchange many volumes 
from other societies and individuals, as well as 
specimens of natural history, archaeology, charts, 
maps, models of instruments and machines, etc., 
and the Society had no place to exhibit or even 
store these, except in the homes of the librarian 
and curators. The stated meetings on alternate 
Fridays were held at the College, the Church 
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Schoolhouse, Carpenter's Hall, or homes of 
officers, and it became necessary to provide a 
hall for these activities. The society petitioned 
the Assembly for a lot of ground in the State 
House Square for the purpose of erecting thereon 
a suitable building and in 1785 this was granted, 
plans were prepared, subscriptions for the 
building secured, and the building begun. But 
the money available was soon expended and 
building operations suspended while strenuous 
efforts were made to secure additional funds. 
Donations came from members near and far 
among whom Franklin was the chief contributor. 
He made two gifts of £100 each and finally 
offered a “loan of what money may be requisite 
to raise and cover the building upom legal inter- 
est’’; a bond to Franklin of £500, payable in 
one year, with legal interest was authorized by 
the Society. The building was thus “‘raised and 
covered” but not finished within nor furnished, 
and efforts were made to rent all rooms in the 
building except the two south rooms on the 
second floor, which were retained for the Society. 

At long last the Officers and Council met in 
the new building on November 13, 1789, and one 
week later the first regular meeting of the Soci- 
ety was held there. Meetings have been held 
there regularly ever since except for a few months 
in the summers of 1793 and 1798 when they were 
interrupted by the prevalence of yellow fever in 
Philadelphia. 

Until 1932-the basement and first floor of the 
hall were occupied by tenants, first by the Univer- 
sity of Pennsylvania, then by Peale’s Museum, 
the College of Physicians, the Municipal Court, 
and finally by brokers and insurance agents. 
These rentals and the annual dues of members 
were for a long time the only regular income 
of the Society. 

In 1814 the City of Philadelphia purchased, 
from the State, Independence Square and all its 
buildings except the property of the American 
Philosophical Society and in 1835 it offered to 
buy the Society's lot and building, the price to 
be determined by referees. However the ref- 
erees were unable to.agree on a price and in the 
financial depression of 1837 that followed, the 
City withdrew its proposal. While these nego- 
tiations were going on, and in anticipation of a 
favorable outcome, the Society had bought prop- 
erty at Ninth and Chestnut Streets and in pay- 
ing for it had mortgaged practically all its prop- 
erty including its Library and scientific and 
artistic collections. The sheriff levied on these 
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and the Society was near bankruptcy and ruin. 
Fortunately the members rallied to its support 
and the Society and its treasures were saved. 

But, with the aim of ultimately obtaining a 
larger building, a fund for that purpose was 
started in 1866 and Dr. George B. Wood, who 
had rendered great service in saving the Society 
from its creditors, and who had been President 
of the Society for more than twenty years, be- 
queathed at his death in 1879 a sum of $20,000 
to this Building Fund. 

For one hundred years the exterior appearance 
of the Hall remained as it was when built, al- 
though it underwent many internal changes, 
but in 1890 a third story was added to the 
original building to accommodate the Library. 
To strengthen the building for this increased 
load, iron posts and girders were introduced and 
the walls, floors, and stairs were rendered as 
safe and as nearly fire-proof as possible. How- 
ever, the additional space provided by the third 
story was quite inadequate for the Library which 
was greatly overcrowded. Furthermore, this 
third story with its flat roof was out of archi- 
tectural harmony with the other buildings in 
the Square and it ts generally agreed that it 
should be removed. 

In 1911 the Society again entered into a 
tentative agreement with the City to exchange 
at some future time its property on Independence 
Square for a commodious lot on the Benjamin 
Franklin Parkway. In 1913 a “Plea” for a new 
building yielded inadequate results and in 1928 
a campaign was started to raise a large sum for a 
monumental building on this new site. Sub- 
scriptions for nearly one million dollars were 
secured and elaborate plans for the new building 
were prepared, but the estimated cost of this 
building was found to be greater than the sum 
subscribed and in addition it was found difficult 
to secure clear title to the whole of the lot on 
the Parkway. 

Meanwhile a sentiment of attachment to the 
historic Hall of the Society increased among 
members to such an extent that finally they 
voted in 1936 to abandon the plans for the build- 
ing on the Parkway and to remain in the original 
home of the Society which in nearly one hundred 
fifty years had become a shrine of science and 
learning as Independence Hal] was a shrine of 
patriotism. Principal subscribers to the new 
building agreed to the transfer of their contribu- 
tions to general endowment; quarters for the 
library had been rented in the Drexel Building 
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directly opposite the Hall on Fifth Street; all 
leases of rooms in the Hall were terminated and 
for the first time in nearly a century and a half 
the Society occupied the whole of its building. 

However it is recognized that this old building 
is not large enough for the General Meetings 
and the greatly increased activities of the 
Society and the rented space in the Drexel 
Building is not ideal for the safety, satisfactory 
use, or exhibition of the pricelsss treasures of the 
Library.* Sooner or later a more commodious 
building, as near as possible to the old Hall, 
must be built or acquired. 

The earliest funds of the Society came from 
foreign members. In 1786 John Hyacinth de 
Magellan of London gave 200 guineas to estab- 
lish a fund for a gold medal and premium to be 
awarded annually to the author of the best dis- 
covery or most useful invention relating to 
navigation, astronomy, or natural philosophy, 
and in 1855 Francois André Michaux of France 
bequeathed 92,600 francs to be used for the 
extension and progress of agriculture and more 
especially sylviculture in the United States. In 
later years eleven small funds were established 
for the support of the Library and two for 
prizes, but until 1932 the funds of the Society 
available for general purposes were quite limited. 
In that year the Society came into possession 
of the munificent bequest of its deceased mem- 
ber, Richard A. F. Penrose, Jr., amounting to 
nearly $4,000,000, its income only to be used for 
the general purposes of the Society. It was 
decided that the principal uses of this income 
should be devoted to “the promotion of knowl- 
edge through investigation,’ and a _ research 
committee was established representing the 
various fields covered by the Society. In the 
ten years between 1934 and 1944 nearly eight 
hundred research grants were made from the 
Penrose Fund in all departments of science 
totalling nearly $700,000. In 1937 two other 
research funds were established, the Eldridge 
Reeves Johnson Fund of $500,000 and the Jud- 
son Daland Fund of $220,000 and eighty grants 
from the income of these funds have since been 
made of a total sum of nearly $140,000. 

The international character of a _ learned 
society is best indicated by the representation 
in its membership of leading scientists, scholars, 

* For a more complete history of the Library of the 
American Philosophical Society see the article with that 
title by the Librarian, William E. Lingelbach, in the 
William and Mary Quarterly, ser. 3, 3(1), January 1946. 
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and philosophers regardless of their nationality 
or place of residence. In the eighteenth and 
nineteenth centuries members of the American 
Philosophical Society were not classified as 
resident or foreign, the only distinction being 
that those from foreign countries were not re- 
quired to pay dues. The relative number from 
outside the United States was, until quite re- 
cently, unusually large. Until the present 
century approximately 30 per cent of all members 
lived outside the boundaries of this country, 
while 40 per cent were from the Philadelphia 
area, and 30 per cent from more distant parts of 
the United States. Up to and including 1946 
the total number of persons elected to member- 
ship was over 3,400 or an average of 17 each 
year for 200 years; of this number over 800 
resided outside the United States, or a little 
more than 25 per cent. The total membership 
has always been small and very carefully sel- 
ected, but not until 1902 was any numerical 
limit fixed by the Laws. In that year the num- 
ber of residents of the United States that could 
be elected in any one year was limited to 15 and 
of foreigners to 5. In 1918 the total number of 
members living in the United States was limited 
to 400 and of foreign members to 75. The 
present limit of resident members has been 
raised to 500 while the limit on foreign members 
although at one time reduced to 60 is now again 
75; that is, at present about 87 per cent of our 
membership is resident and 13 per cent foreign. 
At the same time the resident membership has 
been more widely distributed in this country, 
about 13 per cent now living in the Philadelphia 
area and 87 per cent in other cities and states. 
A list of 513 foreign members elected before 1870 
shows that England furnished 131, France 114, 
Germany 55, Sweden 26, Russia 25, Spain 22, 
Scotland 18, Italy 18, Denmark 17, Holland and 
Belgium 16, Switzerland 13, Canada 11, Austria 
10, Portugal 7, Ireland 7, Mexico 5, Egypt 4, 
Brazil 3, Poland 2, Guatemala 2, India 2, 
Argentina, Colombia, Greece, Hungary, and 
Japan, 1 each. The rather curious inclusion 
of a few countries not noted for their great 
scientists, scholars, or statesmen probably re- 
flects the interest of the Society at that time in 
leaders of important political or social move- 
ments in those countries while in other cases, 
especially in the earlier years, election to mem- 
bership of diplomatic representatives of some 
foreign countries was intended as a mark of 
distinction for the country represented. 
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The membership of the American Philosophi- 
cal Society both at home and abroad has in- 
cluded many of the world’s foremost scientists, 
scholars, statesmen, and administrators. Among 
the first foreigners elected in 1768 before the 
union of the two societies were Peter Bergius, 
Professor of Natural History at Stockholm, 
Ch. Magnus Wrangel of Sweden, Christian 
Magee of Heidelberg, Monsieur Buffon of Paris, 
and Charles Mason and Jeremiah Dixon, sur- 
veyors of the historic boundary line between 
Pennsylvania, Maryland, and Delaware. The 
first foreigner elected after the union of the two 
societies in 1769 was Sir Charles a Linné (Caro- 
lus Linnaeus) of Upsala, and Nevil Maskelyne, 


Astronomer Royal of Greenwich, was elec- 
ted two years later. In 1775 eight distin- 
guished French scientists and scholars were 


elected, among them the Marquis de Condorcet 
and M. Lavoisier, while all the thirteen persons 
elected in that year were foreigners. Among the 
185 foreigners elected before 1800 were many of 
the most distinguished learned men of Europe, 
including the Marquis de Lafayette, William 
Herschel, Joseph Priestley, Erasmus Darwin, 
Sir Joseph Banks, John Hunter, Petrus Camper, 
and the first woman member, Princess Catherine 
Romanowna d’Aschkaw, Directress of the Im- 
perial Academy of Arts and Sciences at St. 
Petersburg. These names, selected almost at 
random from the entire number of foreign 
members in the eighteenth century, indicate 
that the Society was broad-minded in its inter- 
pretation of “the greatest eminence for their 
attainments in science, or the liberal arts.” 
In general this same breadth in selection of 
foreign members has prevailed during the 
nineteenth and twentieth centuries. 

In the United States the roll of members in- 
cludes most of the leaders in the formation of our 
government and in the promotion of science and 
learning in America. Fifteen members of the 
American Philosophical Society were signers of 
the Declaration of Independence, including its 
chief author, Thomas Jefferson. Eighteen were 
members of the Convention which drew up the 
Constitution of the United States. Thirteen 
Presidents of the United States have been mem- 
bers of the Society, among them the first four, 
Washington, Adams, Jefferson, and Madison. 
Jefferson was for eighteen years President of the 
Society and he took an active part in its work. 
It was through his initiative that the French 
botanist André Michaux, a member of the 
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Society, was sent out to explore the plant re- 
sources of the interior of this continent. His 
son, Frangois André Michaux, also a member, 
bequeathed to the Society a fund for the exten- 
sion and improvement of agriculture and sylvi- 
culture in the United States. It was also 
by Jefferson’s orders while he was President of 
the United States and also of the American 
Philosophical Society that the Lewis and Clark 
Expedition was sent out to explore the country 
between the Mississippi and the Pacific. The 
original manuscript journals of this famous ex- 
pedition were deposited, by request of Jefferson, 
in the Library of this Society. 

The history of the American Philosophical 
Society is so closely interwoven with the educa- 
tional, scientific, cultural, and political history 
of this nation that it is impossible in a brief 
review even to touch upon the contributions of 
the Society and its members to the many de- 
velopments in all these fields. Suffice it to say 
that it has played a leading part in all of them, 
and that it has been the mother, or grandmother, 
or at least progenitor of very many of the 
scientific and cultural societies of America. 

The Society once had an important “cabinet” 
of scientific and historical objects, but with the 
growth of museums and of special societies most 
of these objects have been distributed to these 
more specialized institutions. Among the arti- 
cles that have been retained are memorabilia 
of Franklin, Rittenhouse, and Jefferson such as 
the electrical apparatus of Franklin and Ritten- 
house, the telescope and clock made by Ritten- 
house and used in the observation of the transit 
of Venus, models of Franklin’s stoves designed 
to consume smoke, his old library chair, and the 
arm chair in which Jefferson wrote the Declara- 
tion of Independence, together with a copy in 
his own handwriting of that famous document. 

The Society’s archives are especially rich in 
letters, manuscripts, and documents concerning 
the early history of the colonies and the develop- 
ment of science and learning in America. In 
this Hall is the original Charter of Privileges 
granted by William Penn to the colonists in 
1701, and in the Library across the street are 
many historic manuscripts and letters of the 
founders of this Government, including the 
largest collection of Franklin letters and docu- 
ments to be found anywhere. You are cordially 
invited to inspect the treasures in the Library, 
as well as the portraits, busts, and other mem- 
orabilia exhibited in this Hall. 
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But I have taken too much time in introducing 
to you the American Philosophical Society, and 
in closing I refer again to the duty and opportu- 
nity presented to the scientific societies and 
academies of the world to lead in the establish- 
ment of cooperation and friendship among all 
nations. Where else can distracted people look 
for more calm, unselfish, friendly international- 
ism than to these societies which are dedicated 
to the pursuit of truth in the spirit of science? 
For as the preamble to the Charter of the 
American Philosophical Society proclaimed in 
1780 in the midst of war and revolution: 
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. the experience of ages shows that improve- 
ments of a public nature are best carried on by 
societies of liberal and ingenious men uniting their 
labours, without regard to nation, sect or party, in 
one grand pursuit. .. . 


The time has not yet come when philosophers 
may visit any nation on earth and say with 
Franklin, ‘‘This is my country,”’ but the officers 
and members of the American Philosophical 
Society hope that the delegates from the Acade- 
mies and Societies of other nations, assembled 
in this Hall, may say and feel, ““Here I am at 
home!” 
















































































































































































































































































AMERICA’S ROLE IN THE DEVELOPMENT OF ASTRONOMY 


HENRY NORRIS RUSSELL 


Professor of Astronomy, Princeton University 








(Read October 18, 1946, in the Symposium of the American Philosophical Society 


On an occasion like this it would be out of 
place to attempt a formal historical account of 
American astronomy. The very title shows that 
we are less concerned with the dates at which 
telescopes were first installed in various places 
than with what was done with them afterwards. 
Moreover, though the allotment of time for the 
discussion of this one science is almost dispro- 
portionately generous, it does not permit a 
complete narrative. What follows is only a 
sketch, not a research survey, nor a catalogue. 
Many men and things worthy of mention have 
perforce been omitted. {1 have confined mention 
of individuals mainly to those who are no longer 
living, and asked an old man’s privilege of recall- 
ing On occasion some anecdotes about them. 

The first American to make notable contribu- 
tions to astronomy was probably David Ritten- 
house. Rittenhouse—for many years President 
of our Society—who observed the transit of 
Venus in 1769, and was among the first to record 
the phenomena produced by’ the refraction of 
light in the planet’s atmosphere. The Revolu- 
tion had hardly ended when, in 1786, he estab- 
lished the first permanent observatory in 
America. 

His famous orrery which went to Princeton— 
a masterpiece of the mechanical skill of its day— 
is unfortunately lost beyond recall. My older 
teachers there, fifty years ago, had some memory 
of it, but it had disappeared even then. Fortun- 
ately the other one which he made survives in 
the possession of the University of Pennsylvania. 

Despite “the calamities and distresses of a 
severe war’’ Harvard College sent out a party to 
observe the total solar eclipse of 1780. The 
chosen observing station was then in territory 
under British occupation; but their officers 
courteously granted this scientific expedition 
passage. Unfortunately, the uncertainty of 
prediction was such that this station lay outside 
the path of totality. 

Serious American interest in astronomy re- 
vived about a century ago. Encouraged by 
“the sudden appearance of a comet of surpassing 
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size and splendor” in 1843, funds were raised by 
private subscription, and the 15-inch equatorial 
of the Harvard College Observatory was erected 
in 1847. Active observation was soon repaid 
by the discovery of Saturn’s faint satellite 
Hyperion in 1848, and of the inner “dusky” 
member of the ring-system in 1850. To recount 
the further work of this observatory alone would 
take too much of our time; but it is worth re- 
calling that the interest in the physical side of 
astronomy characteristic of Harvard in later 
years was present from the first. 

Bond’s beautiful drawings of Donati’s Comet 
of 1858 are, and probably will remain, the classic 
example of what can be accomplished by the 
combination of a keen eye and a skillful hand. 
It is probably not so well known that in 1861 he 
made the first reliable measures of the relative 
brightness of the sun and the moon. By suc- 
cessive reflection from two silvered globes, the 
enormous difference in brightness was reduced 
to manageable proportions, but the only artificial 
sources bright enough to use for comparison were 
‘“Bengola lights’’—fireworks! ‘‘Those of the 
same size and manufacture were used throughout 
and a fresh one burned for each comparison.” 
The over-all probable error of a single observa- 
tion was 20 per cent, and the final result, making 
the sun 420,000 times as bright as the full 
moon, is close to the best modern determina- 
tions! 

Photographs of stars were obtained at Harvard 
in 1850, and measurable images of a physical 
pair in 1857. A few years later, Rutherfurd, 
with a photographically corrected objective of 
his own design, secured photographs of the 
Pleiades which, though this was hardly realized 
at the time, inaugurated the era of precise photo- 
graphic astrometry, and are still valuable for the 
determination of relative motion by comparison 
with modern plates. Rutherfurd is also to be 
remembered for his construction of a ruling 
engine which produced gratings of a quality 
which makes them still valuable in modern 
observation. 
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By this time the discovery of the fundamental 
laws of spectrum analysis had revealed new 
worlds to conquer. The American pioneer, 
C. A. Young, discovered the green coronal line 
in 1869—as did other independent observers— 
and in 1870 was the first to observe the flash 
spectrum, as it is now called, and to prove the 
existence of a shallow ‘‘reversing layer’’ close to 
the photosphere, in which by far the greatest 
part of the dark Fraunhofer lines is produced. 

A few years later he made the first expedition 
to a mountain station at the highest accessible 
point on the one transcontinental railroad, and 
secured a long series of visual observations of 
bright lines at the sun’s limb, recording the 
relative frequency of their appearance, and lay- 
ing the foundation of all later work on the 
chromosphere and eruptive prominences. Dur- 
ing this period he was professor at Dartmouth 
College—by no means a wealthy institution. 
The liberal policy of the College in providing 
him leave of absence, and of the friends of 
science who financed his travels, deserves honor- 
able mention, as also the fact that, when called 
to Princeton a few years later, his teaching duties 
were confined to half the year—a forecast of the 
research professorships which have since been 
established there and in many other universities. 
| do not think he would have desired relief from 
all teaching—he was a superb teacher, both of 
large and small classes, as | can testify from ex- 
perience. 

This decade saw also the coming of the era of 
the great refractors, inaugurated by the artistry 
of Alvan Clark. His first important objective, 
made for the Dearborn Observatory, distin- 
guished itself while it was first being tested upon 
the stars by the discovery in 1862 of the com- 
panion of Sirius. The 26-inch of the Naval 
Observatory, four years after its installation, was 
the means of Asaph Hall’s discovery of the 
satellites of Mars in 1877, and the Lick telescope, 
when also a four-year-old, of Barnard’s discovery 
of the fifth satellite of Jupiter in 1892—the last 
that has been made by visual observation, and 
possibly the last that may ever thus be made. 

The great development of reflectors in the 
present century has displaced even the largest 
refractors from their primacy as light-gathering 
instruments; but they still hold an unchallenged 
place for observation of fine detail, and of faint 
objects near bright ones—more specifically, in 
the observation of binary stars and the fainter 
satellites. Perfection of quality in the objective 
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is essential—as was impressively shown by 
Burnham’s long list of discoveries of close 
physical systems with a 6-inch refractor. The 
long campaign of systematic search with great 
telescopes initiated by this work has led to the 
discovery of thousands of close pairs, mainly by 
observers who fortunately are still living. 
Repetition of these observations, and continuous 
following of systems which bid fair to be of 
interest, will provide students of the properties 
and constitution of the stars with a wealth of 
vitally needed data—not in some remote future, 
but in a decade or two, if systematic and intel- 
ligently planned observation is continued. 
There has been some falling off in this of late, 
which we may hope will soon be remedied. 

One of the most momentous decisions in the 
history of American astronomy was made in 
1875 when Simon Newcomb (as he tells in his 
admirably written Reminiscences) received and 
declined a call to the vacant directorship of the 
Harvard College Observatory. His decision to 
remain in government service, and await the 
forthcoming vacancy in the directorship of the 
Nautical Almanac, must have involved consider- 
able sacrifice; but it was doubly fortunate, for it 
started two great men—Newcomb himself, and 
Edward C. Pickering—upon work for which each 
was preeminently fitted. Newcomb’s genius 
for celestial mechanics lay equally in the fields 
of theoretical analysis and discussion of observa- 
tions. His great monument is found in the 
Tables of the Sun and of the Planets completed 
under his direction. The simpler parts of the 
theory had already been worked out by earlier 
investigators, and the outstanding problems 
were to collect the enormous mass of data from 
the observations of more than a century, to 
determine and apply the small, but significant, 
systematic corrections which have to be made 
to the results of various observers to deduce 
definitive values of the elements of the orbits 
and the planetary masses, and finally to present 
the results of the intricate final formulae in the 
form of tables from which accurate positions at 
any time may be derived with as little labor as 
possible. The theory of Jupiter and Saturn, 
whose mutual perturbations are by far the 
greatest, had never been developed with the 
requisite precision. This need was supplied by 
ten years work by George W. Hill—one of the 
most picturesque figures of American astronomy. 
Personally, Hill had the appearance and simple 
tastes of a country farmer—as he was, in fact, 
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and preferred to be—and was modest to a fault. 
Professionally, he deserved Newcomb’s char- 
acterization as ‘‘the greatest master of mathema- 
rical astronomy during the last quarter of the 
nineteenth century’’—especially from the stand- 
point of the type of theory which is applicable to 
actual calculations. His greatest contribution 
was the method for solution of the still more 
difficult problems of the lunar theory which later 
bore such good fruit when applied by Brown. 
Newcomb made no contribution to the theory of 
the moon's motion, but a very important one to 
the observations, by discovering in the ancient 
papers of the Paris Observatory a great number 
of records of occultations of stars extending back 
to 1645, and accompanied by other observations 
sufficient to determine the errors of the clocks 
which were used. Merely to copy this mass of 
observations took six weeks, and their full re- 
duction required more than three years; but as a 
result, fairly reliable knowledge of the Moon's 
motion was obtained going back for more than a 
century earlier than had previously seemed 
possible. This visit to Paris took place in the 
spring of 1871, while the city was in the hands of 
the Commune; but neither his work nor his 
daily life was molested, and he left the city a 
few weeks before the final suppression of the 
revolt, when the Observatory and all its instru- 
ments and records narrowly escaped destruction 
by the beaten and infuriated terrorists. 

Newcomb rarely ventured into the realm of 
astrophysics; but he did at least once, and to 
very good effect. Finding that no significant 
measures had ever been made of the brightness 
of the Milky Way and of other parts of the 
heavens, he made observations with simple 
photometric devices, and discovered, to his own 
surprise and that of others, that the Milky Way 

or, at least, the sky containing it—is not much 
more than twice as bright as the sky near the 
galactic pole. This ‘rude attempt,’’ as he de- 
scribed it, initiated the long series of investiga- 
tions which have shown that the light of the 
night sky comes partly from luminosity in the 
earth’s atmosphere and partly from sunlight 
reflected from particles in interplanetary space, 
while somewhat the smallest part comes from the 
stars themselves. 

Meanwhile, at Harvard, physical astronomy 
(as it was then called) was coming into its own. 
The new director was severely criticized by 
certain astronomers of the old school. ‘“‘He has 
at his disposal a fine meridian circle’’ said they 
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‘with which observations of the positions of the 
stars can be made with an accuracy of one part 
in half a million. Yet he devotes the resources 
of the observatory to measures of the brightness 
of the stars, which, by his own admission, are 
hardly accurate to one part in ten, and to ob- 
servations of stellar spectra which have no nu- 
merical significance at all.’’ Undeterred by 
these complaints, Pickering went his own way, 
and found a kingdom—nay, two. He had a 
sense of the value of observations of moderate 
precision in a field where the previously existing 
estimates were very rough, and likewise an ap- 
preciation of the futility of spending time and 
effort to secure precision in one part of an ob- 
servational program if some other factor made 
this illusory. 

For example, with his meridian photometer, 
observations of the brightness of large numbers 
of stars, with Polaris as standard, could be made 
in rapid succession, but with only moderate 
accuracy, as shown by comparison of the results 
obtained on different nights. Other observers, 
with differently designed and slower-operating 
photometers, secured many measures of a star 
on the same night, which showed a much better 
agreement; but the results of comparisons with 
the pole-star on different nights agreed not much 
better than Pickering’s. The explanation is 
simple. For stars in different parts of the sky 
the paths of the light through the earth’s atmos- 
phere are quite different. Small variations in 
the transparency of the air along the paths, 
imperceptible by direct inspection, will introduce 
errors which may change little in an hour or two, 
but differ much more from night to night, in 
unpredictable fashion. So long as this is the 
case, very little is gained by multiplying ob- 
servations on one night, or even by increasing 
the precision of the measuring device. A major 
part of the trouble is inherent in the comparison 
of stars in different parts of the sky, and can be 
got rid of only by observing on many nights. 
Partly by instinct, partly by design, Pickering 
followed this course, with the result that the 
Harvard photometric catalogues give the magni- 
tudes of a very large number of stars deter- 
mined with amply sufficient accuracy for most 
purposes, and on a homogeneous scale. 

He was fully alive to the importance of more 
precise measures in special cases, for example, 
for eclipsing variables, and the photometer which 
he developed for this purpose—comparing the 
light of the variable with that of another star 
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close to it in the sky—is still, after forty years, 
unsurpassed by any other device for visual 
photometry. 

With the introduction of photographic “dry 
plates” a new tool, of extreme usefulness, be- 
came available. Pickering realized its import- 
ance at once, and embarked upon two great 
campaigns—the securing of a permanent, ever- 
continued record of the stars, and the wholesale 
observation of their spectra. When this work 
was begun at Harvard, the use of wide-angle 
lenses of small size to secure photographs show- 
ing thousands of stars on one plate was still a 
novelty, and the possibility of a library of plates 
upon which fifty years’ history could be followed 
for any one of more than a million of the brighter 
stars, or of any interloper which rose temporarily 
to the same brightness, was a remote dream. 
The value of this record at the present time, and 
the fundamental importance of the spectral 
classification of more than 300,000 stars, need 
only be mentioned. This great catalogue worth- 
ily commemorates Henry Draper, who first 


secured a photograph showing lines in a stellar 
spectrum and in whose memory the work at 
Harvard was endowed, and the skill and untiring 
industry of Miss Annie J. Cannon, who person- 


ally classified all the huge number of spectra. 

Another of Pickering’s great contributions 
was the organization of a permanent southern 
observing station, enabling the extension of the 
great surveys over the whole celestial sphere. 
Admirable work was being done, and still is, by 
independent southern observatories, particularly 
at the Cape; but their resources were not equal 
to matching the systematic work of the far more 
numerous northern observatories. The Har- 
vard station at Arequipa was the forerunner of 
many others (most of them now in South Africa) 
working in various fields, whose observations 
have gone far to remove the inequality of our 
knowledge of the celestial hemispheres. 

There is a natural tendency for work in_the 
same branches of astronomy to be continued at 
the same observatory, or even to recur after an 
intermission. The interests of Harvard have 
been mainly astrophysical (in the wider sense) ; 
those of Yale, theoretical and astrometric. Ten 
years before Pickering came to Harvard, H. A. 
Newton discovered from ancient chronicles the 
existence of the recurrent showers of Leonid 
Meteors, attributed them to a swarm of particles 
in orbital motion about the Sun and predicted a 
repetition in 1866. Meteoric astronomy, thus 
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inaugurated, has become active in recent years, 
and a new level of accuracy has resulted from 
photographic measurement of trails,—at first 
those recorded by accident on Harvard plates, 
while an extensive systematic campaign is now in 
preparation. 

Newton also studied the capture of comets by 
planetary perturbations, and his results pub- 
lished fifty years ago leave little for the later 
investigator to add. 

The astrometric tradition at Yale began with 
Elkin’s work with the heliometer. To the 
modern observer, it is almost tragic to think of 
the enormous labor of observation and calcula- 
tion that went into the triangulation of a single 
star-cluster, or the determination of the parallax 
of one star, in comparison with the precision and 
rapidity of photographic methods. No better 
illustrations of the latter can be found than in 
later work at Yale. 

At the beginning of the present century 
Schlesinger, at Yerkes, inaugurated the modern 
era of photographic observation for stellar 
parallax. Only minor alterations in his methods 
have been suggested by work on thousands of 
stars at many observatories—including great 
numbers made under his direction at Allegheny 
and later at the Yale Station in South Africa. 

Even more important for the future may be 
the Yale photographic zone-catalogues giving 
the places in the heavens of tens of thousands of 
stars. Methods of deriving such positions by 
photography were well known, but Schlesinger 
devised modifications by which large plates, 
covering regions of the sky as much as twelve 
degrees square, could be utilized without loss of 
accuracy, and with great saving of time and cost. 
If the measures of star-images on a plate are to 
be utilized to find their apparent positions on the 
celestial sphere, there must be a considerable 
number of standard stars on each plate, for 
which the latter have been independently deter- 
mined by observations with the meridian circle— 
a laborious and costly process. With the large 
plates, the number of standards required per 
plate is somewhat greater, but the number re- 
quired to cover a given area in the heavens is 
very much smaller. 

The other great name in Yale’s astronomical 
history is of course E. W. Brown—the most 
distinguished master of mathematical astronomy 
during the first part of the present century. The 
story of his thirty years’ work in applying Hill’s 
principles to the theory of the motion of the 
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Moon is too technical to be told here, except to 
say that this classical and most difficult problem 
appears to have been definitively solved, and 
that the small but definite outstanding dis- 
cordances between the observed positions of the 
moon and those calculated from his theory are 
to be explained not by imperfections of the latter, 
but by irregularities in the rotation of the earth, 
which serves us perforce as the standard by 
which we set our clocks. He was keenly alive 
to the possibility of improved methods of calcu- 
lation and has said that if the modern “punched 
card” calculating devices had been invented soon 
enough, he could have saved 
time in his work on the Moon. 

His very last papers, on the disturbances pro- 
duced in the motion of a close binary star by the 
attraction of a third body belonging to the 
system, are noteworthy as the first instance in 
which the problem of three bodies has been 
solved for orbits of high eccentricity and mutual 
inclination—the small quantity in terms of which 
expansions are being made the ratio of the 
periods. 


several years’ 


Before we pass to the present epoch of great 
instruments there are other recall. 
Rowland, if report be true, declared himself 
under oath to be a physicist, but his contribu- 
tions to astronomical were very 
Without the concave grating our studies 
of the solar spectrum and of the laboratory 
spectra by whose aid we interpret it would be 
under a great handicap. His “preliminary” 


names to 


spectroscopy 
great. 


table of solar wave-lengths has required amaz- 
ingly little change after fifty yvears—except for 
the extension into the red and infra-red, where 


photography was then impossible, and for a 
small correction to his wave-lengths. His iden- 
tifications of the origin of the solar lines have 
required little modification, though great num- 
bers more have naturally been made, and even 
his rough empirical estimates of intensity proved 
adequate for the first quantitative analysis of 
the solar atmosphere. 

Langley'’s contributions to our knowledge of 
the intensity of the sun's radiation and its dis- 
tribution in wave-length have been equally 
important in their own field, and his invention 
of the bolometer has been as valuable in the 
physical laboratory as in the solar observatory. 
The continuation of his work by Abbot has 
given us reliable knowledge of the sun's total 
energy-radiation, and a curve for its distribution 
with frequency which looked very strange to 
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those (your speaker included) who were prone to 
black-body thinking. Now it has been shown 
(by Americans by adoption) that this peculiar 
curve can be completely accounted for by the 
known properties of matter in the sun’s atmos- 
phere! 

The great triumvirate is completed by Michel- 
son, whose measures of stellar diameters with 
the interferometer may certainly be claimed for 
astronomy, though his work on the velocity of 
light belongs to physics. ‘Let me digress to tell 
you of a talk which he gave some years ago to a 
roomful of students at Pasadena. He told how, 
in order to meet possible Congressional objection 
of the ‘‘uselessness’’ of his work on the velocity 
of light, he had pointed out its possible value in 
geodetic measures of distance, and then added, 
“But I don’t mind telling you that this is not 
why I want to measure the velocity of light. | 
want to do it because it’s such great fun!”’ 

There were plenty of others who worked for 
the fun of it. One in a very different field was 
Percival Lowell, who had the artist’s temper- 
ment. His enthusiasm combined with an in- 
stinctive tendency toward a literary form of 
expression led many of his contemporaries to 
discount his conclusions. Yet his observations 
of great change in Martian detail from year to 
year have been verified by modern photographs, 
and his conclusions regarding the planet's 
temperature, though representing a_ limiting 
possibility according to the data available at the 
time, have turned out to be nearly right. He 
carried direct visual observation of planetary 
detail as far as any one has done, and as far, 
apparently, as the limitations imposed by looking 
through the earth’s atmosphere permit anyone 
to do. His connection with the discovery of 
Pluto presents a most interesting story. Brown's 
discussion has shown that the analytical methods 
which he used in his calculation of the orbit of a 
trans-Neptunian planet were sound, but that 
the available observations were not precise 
enough to allow a definite prediction. The fact 
that Pluto, while of too small mass to produce 
the calculated perturbations, moves in an orbit so 
similar to that which he predicted must be re- 
garded as one of the most remarkable cases of 
pure coincidence in the whole history of science. 
But the campaign that led to Pluto’s discovery 
was no coincidence, and no accident. Lowell’s 
influence upon his associates at the observatory 
led them, even after his death, to undertake the 
laborious research which found the planet; and 
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to deny him his full share in the discovery would 
be unjust. 

A new epoch in instrumentation began with 
the century when it was realized that, with equal 
care in figuring and mounting, reflectors would 
perform substantially as well as_ refractors. 
Their steady advance to unprecedented size and 
power is well known to all the world; but we may 
recall that the first notable achievements in 
astrophysical observation of the newer types 
were made with refractors. Campbell’s work on 
stellar radial velocities at the Lick Observatory, 
which for the first time reached modern stand- 
ards of precision belonged here, as did Hale’s 
original spectroheliograph at Kenwood, and the 
later instrument at Yerkes. It soon became 
evident, however, that the light-gathering power 
of the great reflectors give them a great advant- 
age in all spectroscopic work on the stars, and 
that instruments of special design in which the 
image was formed in a fixed position were better 
for many purposes than the moving eye-end of 
an ordinary equatorial. For solar work, this 
need was met by devices such as the tower tele- 
scope, which would have appeared strange 
indeed to Bessel or Airy. For observations of 
the stars, the great reflectors are designed with 


auxiliary mirrors which send the light down the 
polar axis into what is effectively a roomy con- 


stant-temperature laboratory. These devices 
are of value primarily in high-dispersion spectro- 
scopy, and in measurements with such physical 
apparatus as thermocouples. 

These gigantic telescopes have limited fields of 
view, and have been supplemented by the 
development of photographic apparatus for the 
study of large areas of the sky. These too were 
at first of the refracting type—doublets or trip- 
lets, giving good definition over a wide field, and 
of relatively short focus. The reflector has 
again forged ahead since the invention of the 
Schmidt camera, with its unrivalled light-grasp 
and extent of field. 

Among the first great investigations with 
instruments of this type was Barnard’s study of 
the Milky Way, which led him to the recognition 
of the existence of dark nebulae. I cannot re- 
frain from recalling the occasion at which he 
first presented his evidence. It was one of our 
own Society’s meetings, in this building. In the 
full enthusiasm of his presentation he was show- 
ing slide after slide of dark clouds obscuring the 
stars of the Milky Way. Suddenly he came to 
one field for which he had not had time to pre- 
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pare a positive. The negative was full of black 
star-images. He was perfectly unconscious of 
the difference, and, pointing to a vacant space 
near the middle of the screen, he began ‘This 
large dark spot. A distinguished biolo- 
gist was sitting infront of me. I heard him gasp, 
whispered ““That’s a negative” and got a respon- 
sive grin. 

It is not always the observers, though, who run 
away from their audience. A year or so later | 
was sitting beside Barnard, listening to E. H. 
Moore speaking upon his methods of general 
analysis—with slides full of equations in his 
masterly, but intricate notation. One of them 
came on upside down. As he asked the operator 
to set it right, | hear Barnard say sotto voce ‘‘It 
looks just the same to me!” 

The greatest figure of the new day of increas- 
ing opportunity was Hale. No one who knew 
him can forget his contagious enthusiasm, the 
breadth of his interests, and his rare skill in 
organization, both of resources and of men. 
He was the first to realize that a spectroscopic 
laboratory was as important a part of a solar 
observatory as a tower telescope, and the active 
cooperation of the two which he initiated is still 
in fruitful progress. 

To it we owe the proof that sunspots are cooler 
than the photosphere, the recognition of a 
magnetic field within them, of the laws of its 
polarity and its change from cycle to cycle, and 
of the general magnetic field of the sun. The 
tragic illness which cut him off from his best- 
loved fields of work fortunately left his great 
organizing ability unaffected, and he continued 
to be an abiding inspiration to the Mount 
Wilson staff. 

Thirty-five years of astronomical 
still remain to be considered. So many men 
have contributed to it—most of whom are 
fortunately still active—and so much has been 
done that there is time only for a sketchy out- 
line. 

Increased knowledge of atomic structure has 
put spectroscopy on a rational instead of an 
empirical basis, has led to understanding of the 
structure of the atmospheres of the Sun and of 
the stars, and of the processes which occur in 
them, has enabled the determination of tempera- 
ture, pressure, and quantitative composition, 
and explained their growing opacity with depth. 
It has interpreted the way in which energy 
escapes from the interiors of the stars to their 
surfaces, accounted for the relation between their 


progress 
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and luminosities, revealed the source 
of the energy in the most abundant classes of 
stars, though not in all. The enormous density 
of the white dwarfs is no longer perplexing, nor 
the extreme tenuity of the supergiants, 

Almost all the “unknown” spectral lines of 
thirty years ago have been identified—in the 
solar corona, in planetary atmospheres, in the 
aurora, and in the nebulae—and all have been 
found to arise from very familiar elements or 
compounds. 

We know now what makes comets shine and 
why—though it is still puzzling how 
luminous gases are renewed at every return to 
the Sun. 

Our knowledge of the distances of the nearer 
stars, their distribution in space, and the dim- 
ming of their light by obscuring interstellar haze 
has grown so much that the word ‘“‘nearer’’ now 
signifies many times as great a distance as it 
once denoted. Their motions—once referred to 
our own Sun as standard—are now recognized 
as resulting from the rotation of the Galaxy of 
which the ‘‘nearer”’ region forms a minute part. 

Between the stars we have come to recognize 
the presence of gas—both isolated atoms and 
molecules—and of a haze of fine dust concen- 
trated here and there into dark nebulae, while the 
gases near very hot stars are stimulated to shine 
with light of their own. 

The scale of the galactic system has been 
determined photometrically with the aid of 
variable stars of known absolute brightness, and 
its center is found to be some 25,000 light-years 
away. 

Wider vistas have been opened by the resolu- 
tion of the nearer extra-galactic nebulae—spiral 
and elliptical alike—into innumerable stars. 
Only a few of them lie within a million light- 
years from us, and these are now generally, and 
with reason, spoken of as the “local cluster.”’ 
The vast majority extend beyond, to the limit 
at which our best telescopes can reveal them— 
some five hundred million light-years, and then 
there are no signs of an end—our measuring-line 
is too short, and we must record ‘“‘no bottom.” 


masses 


these 


This really amazing record of progress must 
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be credited to the world’s astronomers as a 
whole, rather than to that of any one country. 
Cooperation has been so close and continuous 
that it is hardly possible fully to distinguish the 
contributions of one group. 

In general, it is true that American astrono- 
mers have contributed by far the greatest part 
of the observational material and of the ‘‘know- 
how” which planned the observations so that, 
step by step, they solved the problems. This is 
particularly true of the investigations of star- 
clusters and nebulae of all types. 

Most of the underlying theory came from over- 
seas—relativity, the quantum-theory, the the- 
ories of ionization, of the origin of spectra, of the 
internal constitution of the stars, of stellar 
atmospheres, and of galactic rotation. 

The application of theory to the actual prob- 
lems has however mostly been done on this side 
of the Atlantic. 

There is plenty to do still. The largest prob- 
lem of all—the interpretation of the ‘‘red shift” 
in the spectra of the nebulae, whether by an 
expanding universe or otherwise, awaits the 
extension of observation to the limits accessible 
to our 200-inch telescope. Though we hope 
that we know in part the history and evolution of 
some stars, at least, much remains obscure, 
particularly why the spendthrift super-giant 
stars are still shining, and how the staid white 
dwarfs can have reached their present condition. 
Less is known, or reasonably guessed, about the 
origin of the solar system than we supposed to 
be the case twenty years ago. Finally, to come 
from great to small, the advance of our knowl- 
edge has been least concerning our very nearest 
neighbors. 

About the only increase in our knowledge of 
the Moon in a generation has been the realiza- 
tion that its surface gets hotter than boiling 
water under full sunlight, and falls so rapidly 
when sunlight is cut off during an eclipse that 
it must be covered with a poorly-conducting 
layer of loose fragments; and, though Venus 
comes nearer us than any other planet, we know 
next to nothing about the nature of her surface. 

There are still worlds to eonquer. 
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Tuts hall is an excellent place for anyone to 
speak to you of the growth of American physics, 
since the first of American physicists was the 
founder of this Society—none other than Ben- 
jamin Franklin (1706-1790), whose portrait 
hangs before you. He did not call himself a 
physicist, and this for two reasons: his activities, 
like those of Goethe, were so many and various 
that he could not have described himself in less 
than a paragraph, and also the words ‘‘physicist”’ 
and “‘physics’”’ had not yet made their entry into 
the English language. Until past the middle of 
the nineteenth century, the science of physics— 
what there was of it—was included under the 
term ‘natural philosophy.’’ I mention this be- 
cause it helps to explain the name of our Society, 
which is misleading to many because in the last 
hundred years the words ‘philosophy’ and 
“philosophical” have taken on a much narrower 
meaning than they used to enjoy. In Frank- 
lin’s time philosophy included useful knowledge, 
as the full name of our Society betokens. Now 
it rather implies the opposite; but in the eigh- 
teenth-century usage Franklin was a_philoso- 
pher, and for about ten years of his life he was a 
practicing natural philosopher. As a natural 
philosopher he concerned himself with the Ley- 
den jar, the electric spark, lightning, the phe- 
nomena of storms, and the Gulf Stream (of 
which last, by the way, he is reputed the dis- 
coverer). You have all heard the story of his 
kite-experiment, in which he got electric sparks 
between a kite-string and a key while the kite 
was flying in or near a thundercloud. I regret 
to have to inform you that in the opinion of 
local historians this is just a myth, one of those 
legends which spring up from unknown sources 
to adorn the story of a great man. Fortunately 
Franklin is great enough to dispense with it. 

The second American physicist was Benjamin 
Thompson, Count Rumford (1753-1814). As 
you will divine, he did not get that title by re- 
maining in this country: he was, as a matter of 
fact, created a Count of the Holy Roman 


Empire by the elector of Bavaria. He had left 
this country because of the American Revolution, 
becoming thus one of the earliest of scientific 
émigrés, and so far as | know the only one who 
ever fled from us. Rumford had an even closer 
affinity with Goethe than did Franklin, for he 
became the prime minister and chief. executive 
of a German state. With Franklin he had this 
in common, that both invented improvements 
in stoves and fireplaces. Many of our visitors 
from Europe—those who come in the winter 
months—think that we have developed indoor 
heating entirely too far; they should be amused 
to know that our enthusiasm for the art is almost 
two hundred years old. Rumford, however, is 
remembered principally for having proved that 
heat can be derived from mechanical work. 
This he proved while working on a weapon: 
he was boring cannon in a cannon-factory near 
Munich. One hundred and fifty years later a 
large number of American physicists, also work- 
ing on a weapon and with the aid of not a few 
scientific émigrés, were destined to confirm 
that heat can be derived from mass—the rest- 
mass of uranium. If this experiment had been 
performed at Munich, we should not be meeting 
here today. 

The third American physicist was Joseph 
Henry (1797-1878). Tomorrow our foreign 
guests are to visit Princeton University where he 
spent some of his best years (1832-1846), and 
on Wednesday evening next they will attend the 
celebration of the centennial of the Smithsonian 
Institution of which he became the Director one 
hundred years ago. It was both Henry’s 
fortune and his misfortune that he worked in the 
same field at the same time as Faraday, so that 
it is hard to apportion credit justly between the 
two. In this field of electromagnetism Faraday 
has most of the credit, but to Henry belongs that 
of discovering self-induction; he also made many 
potent electromagnets and other electrical de- 
vices. In his period as Director of the Smith- 
sonian he showed a remarkable versatility: the 
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weather-map (for instance), with which we are 
all so familiar, was instituted by Henry with the 
aid of the telegraph which itself was a child of 
his inventions, and the lighthouse-service of this 
country was reorganized by him. In_ the 
middle of the nineteenth century the days when 
a man could be both physicist and statesman 
were evidently over; but it was still possible for 
a man to be a complete physicist, and such a one 
was Henry. 

In the times of which | have been speaking 
there were in this country no research institu- 
tions: there was no academy other than our 
Society, and our colleges had been founded for 
no other purpose than teaching. Henry indeed 
can have met no insurmountable obstacle at the 
College of New Jersey, as Princeton then was 
called: but however that may be, it was fortun- 
ate for the next great American physicist that in 
his youth there was founded the first of Ameri- 
can universities, whose first president patterned 
it after the scholarly universities of Europe. 
This physicist was Henry A. Rowland (1848 
1901) and the university was the Johns Hopkins 
of Baltimore. He filled a conspicuous gap in 


the structure of physics by proving what had 
been assumed without proof for half a century, 


that a moving electrostatic charge has the same 
magnetic effect as an electric current. He set 
new standards of precision-measurement by 
establishing the values of the ohm and the 
mechanical equivalent of heat, and the wave- 
lengths of the lines of the solar spectrum: to the 
latter end he improved the plane diffraction- 
grating and he invented the concave grating. 
Rowland’s gratings are still in use, as prized and 
valuable possessions of their owners. 

The cult of precision found its high priest in 
A. A. Michelson (1852-1931), a contemporary of 
Rowland in his earlier years but favored with 
much longer life. Michelson measured one of 
the great constants of nature, the speed of light 
in vacuo; he established also the measure of one 
of the great arbitrary standards, the interna- 
tional metre, in terms of the wavelength of a 
specified kind of light. He was a virtuoso in the 
manipulation of light, inventing and handling 
instruments which his successors found it very 
difficult to manage; he tried to improve the dif- 
fraction-grating far beyond Rowland's limit, but 
in this direction he achieved little, evidently not 
for want of skill but because he had set his goal 
too high for mortal man to reach. One of his 
experiments of supreme precision led to the 
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theory of relativity; and in his latter days he 
became the first to measure the diameters of 
stars. 

The first American theoretical physicist was 
Josiah Willard Gibbs (1839-1903). Gibbs is 
often described as the discoverer of the phase 
rule, a short and inadequate way of implying 
that he received thermodynamics from its 
founders as a science limited to a few physical 
phenomena, and converted it into a science 
reaching far into chemistry and metallurgy. 
Gibbs was also one of the founders of the 
“classical” statistical mechanics, and a_ pro- 
ficient mathematician of great originality. 
There are two or three aspects of his life which 
throw light on the conditions of his time. Thus, 
he became in 1871 the first to hold a chair desig- 
nated as that of ‘‘mathematical physics.” 
For several years he went unpaid; but I am not 
disposed to lay emphasis on this, as he was a 
man in easy circumstances and may well have 
donated his services to his university. More 
significant is the fact that he published in the 
Transactions of the Connecticut Academy of 
Sciences. This sounds like a joke, and many 
people have regarded it as something mysterious 
or funny. There is nothing mysterious or 
funny about it: in the eighteen-seventies there 
was no American journal of physics and not 
many scientific journals of any kind. Even 
nowadays, with our relative plenty of journals, 
none of their editors would commit himself to 
publishing papers so long and deep without con- 
sidering the question earnestly, and some could 
not even allow themselves to consider it for 
want of resources. Instead of smiling at the 
Connecticut Academy of Sciences, we should be 
humbly grateful to its forgotten editor for al- 
lotting hundreds of pages to papers so deep and 
obscure that their merit remained unrecognized 
until foreign savants undertook the labor of 
interpreting them. 

You realize that at the rate of two minutes 
per individual | cannot go much further; but 
actually, to use an astronomical simile, | am 
passing at this moment from a region of few 
though brilliant stars into a galaxy of many 
luminaries of all orders of magnitude from the 
brightest down to the threshold of visibility. 
| do not say that the brightest of the twentieth- 
century physicists are fainter than their pre- 
decessors of the nineteenth century; but by the 
nature of the times they are less of the isolated- 
genius type and more of the part-leader part- 
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In the last decade, of the 
nineteenth century, American physicists ac- 
quired a journal and a society. The Physical 
Review was founded in 1893, the American 
Physical Society in 1899. I give at once the 
approximate membership-figures of this Society 
for some of the critical dates of our chronology: 
144 in 1902, 800 just before World War I, 1,100 
soon after it, 3,600 on the eve of World War II, 
and 5,500 now. 

Reverting to pre-war days, our physicists 
were almost altogether academic people: the 
great laboratories of the industries and of govern- 
ment were either in their infancy or not yet 
born. The graduate student looked forward to 
a lifetime of teaching. Frequently he was a 
man of mature years, having spent some of what 
should have been his best years in teaching in 
order to earn and save a little capital to carry 
him through to his doctorate. He was bred to 
the foreign literature, our own being as yet so 
scanty. Most experiments were performed in 
order to test theories of European origin, or 
were improvements on, modifications of, con- 
tinuations of, or derivatives of European experi- 
ments. Theoretical physics was an extreme 
rarity, and in spite of the example of Gibbs it 
was not considered a path to greatness. Ruther- 
ford was called to Montreal in 1898, was called 
back to England in 1907; at his departure he 
said that he was glad to be getting back nearer 
the centre of things, for he felt that America 
was on the periphery of the circle. Neverthe- 
less, great work was being done in those days. 
I should give first place—though | warn you that 
I am not an impartial judge—to R. A. Millikan’s 
determinations of the great physical constants 
denoted by e and Kk: one of them not proved to be 
a constant until Millikan proved it himself, the 
other not even suspected to exist until Planck’s 
interpretation of the spectrum of black radiation 
at the turn of the century. I mention also 
Lyman’s exploration of the ultraviolet, E. F. 
Nichols’ and G. F. Hull’s measurement of the 
pressure of light, D. L. Webster’s discovery of 
the laws of excitation of x-rays and G. A. Camp- 
bell’s invention of electric filters; but | am aware 
that many could justly blame me for not men- 
tioning their work also. 

Came World War I, and a curtain descended 
over the activities of some of our physicists, but 
not by modern standards a thick curtain, nor 
did it stay down long. The Rockefeller Founda- 
tion provided the funds for the National Re- 
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search Council fellowships, whereby our students 
were enabled to continue their researches after 
winning their doctorates. We were still on the 
periphery of theoretical physics, but we were 
aware of our backwardness and of the potencies 
of the field which we had been neglecting; and 
during the decade of the nineteen-twenties our 
students hastened to Copenhagen and _ to 
Munich, to Zurich and to Leipzig. By the end 
of that decade theoretical physics was beginning 
to flourish among us, with a particular bias to- 
ward the problems of the solid state and those of 
nuclear physics. 

In experimental physics however we had 
ceased to be on the fringe, and could feel that at 
long last we were matching our friendly rivals 
overseas. New experiments came to support 
the foundations of the new theoretical physics. 
Arthur Compton, by studying the scattering of 
x-rays, strengthened the evidence for the cor- 
puscular nature of light; C. J. Davisson, by 
studying the diffraction of electrons by crystals, 
provided the evidence for the undulatory nature 
of electricity. | think it fair to say that no 
other two experiments have done so much to 
establish the duality of everything, waves and 
corpuscles entangled together in a manner which 
still defies the powers of the theorists to de- 
scribe. In Pasadena, which our guests will 
presently visit, C. D. Anderson identified the 
positive electron and the mesotron or meson: 
the former has become a necessity to the the- 
orists, but the latter still seems to be causing 
them more worry than content. H. C. Urey 
brought the second isotope of hydrogen out of the 
obscurity to which its rarity seemed to con- 
demn it. 

Of the various fields of experimental physics, 
there is not one which has been long a monopoly 
of ours, but also there is not one which has been 
totally neglected in America. Fashion has 
played its part, and a great one. In the nine- 
teen-thirties, if you judge from the contents of 
the Physical Review, most of us were captivated 
by spectroscopy—photographing spectra, anal- 
yzing them to get the terms, and labelling the 
terms with the curious intricate symbols which 
implied that we knew just where every electron 
was in the atom and just what it was doing. 
Of this once so populous field there is one tract, 
that of molecular spectra, still under cultivation 
by a fervent though not a numerous group. | 
name another field which was intensely culti- 
vated in the nineteen-twenties, and now lies 
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unexplainably deserted—that of the electrical 
discharge in gases. Meanwhile the study of the 
cosmic rays has enjoyed a steady expansion 
ever since the First World War. The analysis 
of crystal structure and of molecular structure, 
by the aid of the diffraction of x-rays and of 
electrons, has been patiently carried on by a 
group of physicists who for some time have felt 
rather apart from the rest. Thin films have been 
investigated by diffraction of electrons and by 
their influence on thermionic and photoelectric 
emission. Alloys in vast diversity have been 
compounded, and by ingenious treatments have 
been given strange magnetic properties and 
others. The work of Bridgman on the prop- 
erties of matter at high pressures, of Rabi on 
nuclear moments, of Barnett on gyromagnetic 
ratios, of the chemical physicists of the Univers- 
ity of California on entropies, afford examples of 
programmes of research locally conducted with 
tenacity and with success, forging steadily on- 
ward while other fields of research were experi- 
encing ups and downs. Acoustics and optics 
Hourished so greatly that new societies were 
founded to cultivate them. So also of course 
has chemistry flourished, and for once | am glad 
that chemists object to calling theirs a physical 
science, for otherwise this lecture would have 


been impossible. 

Until the early nineteen-thirties the apparatus 
of American physicists was European in origin, 
though usually modified and not seldom im- 


proved by its users. This is still mainly the 
case, but no longer exclusively so. The plane 
diffraction-grating and the ultracentrifuge, the 
piezoelectric crystal and the electron-micro- 
scope, the mass-spectrograph and the electrom- 
eter, the counter and the Wilson 
chamber, came to us in their earliest forms from 
abroad. Polaroid is an American invention, 
and so are many of the forms of vacuum tube 
which are of universal service in the laboratory ; 
so are many ferromagnetic and other alloys. 
But nowadays when a visitor enters a nuclear- 
physics laboratory, or even when he sees one 
looming on the horizon, he beholds enormous 
towers and tanks and arches, columns, magnets 
and drums, and the metal housings of resonant 
cavities: or if he does not behold them, it is be- 
cause of the shielding walls of concrete or metal 
or water-tanks which surround them. These 
objects are the cyclotrons, the electrostatic 
generators, the betatrons, or else they are the 
emplacements and the initial structures for the 
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future synchrotrons, linear accelerators, and 
syachro-cyclotrons. Mostly they are American 
creations: here should be mentioned the names 
of E. O. Lawrence, of R. J. Van de Graaff, of 
D. W. Kerst, of L. Alvarez and E. M. McMillan 
and many another. The art of accelerating 
electrons and nuclear particles to all but in- 
credible energies is America’s recompense to the 
world for the physical equipment which has 
come to us from foreign lands. One day last 
week, | was lunching with a physicist, one who 
like many others is now designing a nuclear 
physics laboratory. He unwittingly provided 
the climax to this paragraph. He said, “I 
think we should confine ourselves to low volt- 
ages—thirty-five or forty million volts.’ Do 
not hesitate to laugh: as lately as three years ago 
this would have sounded as ridiculous as though 
he had said, ‘‘I think we should confine ourselves 
to low buildings—one hundred and fifty or two 
hundred stories.”’ 

It seems absurd to come so late in this brief 
talk to the applications of physical science. 
Actually I shall do little more than plagiarize 
the epitaph of Christopher Wren, and ask our 
guests to look around them—not indeed at the 
walls of this hall which is a lovely resurrection of 
the eighteenth century, but at the urban prospect 
of America. Our guests have mostly come by 
sea or air: some have landed on the shores of the 
Hudson River which floated Robert Fulton’s 
steamboat, and all are going to the shores of the 
Potomac River over which there briefly fluttered 
the first of powered heavier-than-air flying- 
machines, the aerodrome of S. P. Langley. All 
are making daily use of the telegraph of S. F. B. 
Morse, the telephone of Alexander Graham Bell, 
the electric lamp of Thomas Edison, and the 
inventions of a host of others. I think that on 
their tour our friends will form a high opinion of 
our engineering achievements; but also they may 
find that our own opinion of them is unreasonably 
higher. This last may well be true, and I will 
explain that our faith in our outstanding engi- 
neering powers is based on several foundations, 
some of which are weak. Thus in the good old 
days, the American tourist went to Europe to 
see cathedrals, palaces, museums, and winding 
medieval lanes: his guidebook did not send him 
to the power-stations, the laboratories, the 
factories, and the new apartment-houses. If he 
missed central heating and running water in his 
boarding-house or hotel, he inferred that the 
Europeans did not know how to install them, 
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If he was a soldier under arms—and millions of 
us were—he saw what he saw of Europe under 
highly unfavorable conditions, on which I| do not 
need to dwell. Apart from such bad reasons, 
we really do have good ones for thinking well of 
our industrial development; and | hope that our 
guests will recognize in it the flowering of a 
talent not unworthy of being compared with the 
talent for quantum mechanics. 

You would be surprised if | were to close with- 
out mentioning our famous wartime exploit, and 
I will not evade it. At the advent of World 
War II, another curtain descended over our 
physicists, much heavier and much longer-last- 
ing than the curtain of twenty-five years before. 
Many took up the development of microwaves 
for the purposes of radar: this has grown into a 
department of physics both pure and applied 
which deserves a paper by itself. Others took 
up the problems of underwater sound, of aero- 
dynamics, of ballistics, and other fields. But 
many of them just vanished—vanished so com- 
pletely together with chemists and biologists and 
engineers, that their homes were leased or sold, 
their institutions and their friends saw them no 
more, their addresses were unobtainable or 


patently deceptive, and some of them feigned 


while traveling to be other people than they were. 
After three years, suddenly out of their oblivion 
there sprang the monstrous deadly mushroom 
which over-towered Hiroshima, and of which the 
memory still overshadows the prospects of 
civilization. Many lessons remain to be drawn 
from the manner of its achievement. It came 
from an unprecedented union of large and diver- 
sified personnel, limitless funds, intensive co- 
ordination, dictatorial supervision, unremitting 
work, patriotic zeal, a burning sense of urgency— 
and utter secrecy. One wishes that these several 
factors could have been separately applied in 
varying degrees according to the technique of 
science; but this has not been feasible, and the 
historians will have to try to disentangle their 
several contributions—part hindrance and part 
help—to the collective outcome. Meanwhile the 
world has found out the importance of physics, 
though not in a way that we should have de- 
sired. One would expect the public awareness 
of science to favor and further its growth; but 
this is not yet certain. Events on the interna- 
tional scale will determine whether like a green 
plant it will flourish in the sunlight of freedom, 
or grow like a poisonous fungus misshapen 
among the shadows. 
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THe title of my paper is assigned to me by the 
Committee on Meetings. It imposes on me the 
obligation to discuss the expanding reaction in 
the United States to the vegetational coverage of 
the earth, and to indicate the applications of the 
knowledge to affairs and to agriculture, without 
reference to the departmentalization of the sub- 
ject in governmental, research, and educational 
institutions. It must be a cursory, uncritical 
review, rot limited by terminologies. I am 
asked to mention certain historical personages, 
and this requires that I also do not forget certain 
others. My theme is what was once known as 
botany. 

When this Society was formally established, 
the identificational and classificatory work of 
Carolus Linnaeus was taking hold of men’s 
minds. In his original Species Plantarum (1753) 
he included the species of plants known to him, 
as later in his Systema, he accounted for the 
animals. His was probably the greatest in- 
ventory then devised by man. Without an 
inventory there is no valid discussion of objects. 

Many of the plants of Linnaeus are North 
American, having been assembled perhaps from 
herbalists and other early authors as well as 
from the collections of his inspired traveling 
students, Peter Kalm in the North, Jan F. 
Gronovius in Virginia, assisted in the latter case 
by John Clayton. It was soon apparent, how- 
that North America holds many more 
plants than those known to Linnaeus; explora- 
tion has proceeded with undiminished enthusi- 
asm. Linnaeus stated that certain persons 
estimated there are 20,000 species of plants in the 
world, but he was convinced that the number, 
when properly defined, is not more than 8,000. 
What controlling satisfaction it must have been 
to him to be able to lay his hand on 7,540 of the 
species in his second edition in 1762—1763—or 
7/9 eighths of the total possible number! 

Now we know about one million species-names, 
and we are probably unaware of at least one- 
half the plants that inhabit the planet. After 
two hundred years we yet see dimly, and we 
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know that every one of these multitudes is sub- 
ject to new definition. The related questions 
beyond mere definition or identification are those 
dealing with variation and its causes, life-history 
and development, relationship to its conditions 
and circumstances and to other organisms, 
reasons for its distribution, its heredities. We 
do not know how any one of them came to be. 
We are yet little more than aware of the living 
creation. 

The early effort to discover and record the 
species of plants in North America fell largely to 
explorers from abroad. We have mentioned 
Kalm and Gronovius. We remember the Mi- 
chaux’s, father and son, beginning 1803, Frederick 
Pursh, Siberian, 1818, Thomas Nuttall, 1818, of 
England at birth and death but for more than a 
third of a century resident in the United States. 
To this category belongs Constantine S. Ra- 
finesque, French naturalist, who died in Phila- 
delphia in 1840, energetic, voluminous, non- 
conformic. From him we inherit a divergence 
that has profoundly affected the course of 
botany and other biologic science in this coun- 
try. Caution was not an attribute of Rafin- 
esque, as it was of John Torrey and Asa Gray 
and for that matter of Linnaeus. His practice 
touches a man’s freedom to describe new species, 
confused in his case by careless and undocu- 
mented work. To him Gray was a “‘lumper” 
and to Gray Rafinesque was a “‘splitter.’"” The 
two words are not ornaments in our botanical 
history, as if an author were under obligation to 
defend himself if he describes new species. Yet 
to this day some of our North American genera 
have remained a sealed book. We do not adopt 
the method of Rafinesque; we accept much of 
his work because we have to. It is a strange 
commentary on biological progress that through 
the generations we have resisted the numbers of 
species yet have accepted with applause the re- 
sults of morphological and physiological and 
genetical studies. 

There were continuous early efforts by Ameri- 
cans, native born and naturalized, to collect the 
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plants of the new country. We must not over- 
look Reverend Dr. Manasseh Cutler of New 
England, 1742-1823, researcher, teacher, ex- 
plorer of the White Mounta‘ns, energizer of the 
Ohio country, member of the American Philoso- 
phical Society, who in 1785 published in the 
Memoirs of the American Academy probably the 
first indigenous paper of the species of a region, 
350 of them for New England. He was closely 
followed by Thomas Walter, Englishman, whose 
Flora Caroliniana appeared in the year of his 
death, 1788. In Pennsylvania were Muhlen- 
berg and Schweinitz, in New Jersey Lewis C. 
Beck, and not long afterward came John Torrey, 
formulative authority on North American bot- 
any, who published his Compendium of the Flora 
of the Northern and Middle States in 1826, and 
who soon became acquainted with the young Asa 
Gray who by common consent is considered the 
greatest native occidental botanist. 

While these great extensions in scientific 
boundaries were taking place, another range of 
plant interest was developing. This range is the 


satisfaction men and women derive from the 
vegetable kingdom, for ornament and for use. 
Thus have arisen the series of botanic gardens, 
notable planted estates, the limitless applications 


of horticulture, and the crop-growing side of 
agriculture known now as agronomy. Here 
stands the commanding figure of Thomas Jeffer- 
son, long president of this Society, who at 
Monticello, as ambassador and high officer of 
government, stimulated the introduction and 
cultivation of new kinds of plants and improved 
varieties as well as better practices. His own 
growing collections were notable, as attested by 
his faithful Garden Book which has recently been 
published by the American Philosophical Soci- 
ety. Here we must add the Bartrams, John and 
William, father and son, notable naturalists and 
botanists. At Kingsessing, now within the 
bounds of Philadelphia, John Bartram began the 
first botanic garden in the country (1728) and 
the remains of it are yet illustrious. The son 
explored the Carolinas, Georgia, and Florida for 
birds and plants. With this company may be 
placed Humphrey Marshall who assembled an 
important growing collection of trees at Mar- 
shallton in Eastern Pennsylvania and who, in 
1785, published his historic Arbustum Ameri- 
canum that was translated into other languages. 
Interest in the growing of plants had become so 
demanding that, in 1806, Bernard M’Mahon in 
Philadelphia listed in his gardeners’ book hun- 
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dreds of species and varieties for sale, a practice 
continued here to Thomas Meehan of recent 
time; and such offerings were early made in New 
York and New England, and are continued here 
and elsewhere in the present day. Plant re- 
sources now at command of horticulturalists in 
North America are upwards of 20,000 species, 
and, the horticultural varieties of these species 
are legion. 

Late in the past century horticulture in this 
country became a science, with strong emphasis 
on plant-breeding. Agronomy has its scientific 
basis in the growing of crops, and the breeding of 
those crops has assumed. great proportions. 
Forestry, which is the growing”and utilization 
of the heaviest crops, is now a leading science. 
Phytopathology, resting on an expanding my- 
cology, holds a major place in biological science. 
Bacteriology has emerged. The national and 
regional plant societies have grown to great 
importance, some of them being the American 
Society for Horticultural Science with about 925 
members, the American Society of Agronomy 
holding about 1,000 members, the Botanical 
Society of America with 1,375 members, the 
Society of American Foresters (professional) 
with nearly 5,000 members. Many _ smaller 
groups, horticultural and botanical, pursue their 
work with vigor; thus the American Fern Society 
has about 380 members, Sullivant Moss Society 
more than 300. In the Botanical Society of 
America are sections devoted to plant industry, 
paleobotany, physiology, systematics, micro- 
biology, and affiliated or representative societies, 
as Genetics Society of America, American Soci- 
ety of Plant Physiologists, American Phyto- 
pathological Society, Ecological Society of Amer- 
ica, Mycological Society of America, American 
Society of Plant Taxonomists. These units, 
with large active memberships, working in 
harmony and cooperation, exert a powerful 
pressure on biological science. Yet only so 
recently as my days of training there were only 
two outstanding professorships of botany alone 
in the United States, Asa Gray at Harvard, 
Daniel Cady Eaton at Yale; and it was not until 
1888 that horticulture became an independent 
major scientific department of a university. 

Efforts to account for species of plants in 
cultivation in North America took shape at an 
early day, particularly in books for school and 
popular use. Amos Eaton included cultivated 
plants in his Manual of Botany for the Northern 
and Middle States in 1818. So did Alphonso 
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Wood, teacher, in his Class-Book of Botany and 
later in his Botanist and Florist, which were 
deservedly ppoular; in fact his Class-Book had 
sold as many as 100,000 copies by 1845. Asa 
Gray held his Manual, first published in 1848, 
strictly to the wild flora, which it was his obliga- 
tion to elucidate; and this practice has contin- 
ued. Gray was interested in the teaching of 
elementary botany, however, as witness his 
brief Beginners’ Botany and First Lessons with 
Plants. in 1869 he published his Field, Forest 
and Garden Botany which was a departure in 
botanical literature and which became (as he 
told me) his most profitable book. This work 
was made new in 1895, seven years after Gray's 
death, by a horticulturist. It was not until 
1924 that a manual of cultivated plants ap- 
peared; and at the present time there is in this 
country only one large publishing herbarium 
and laboratory in which the whole cultivated 
flora is on a parity with other floras; and there is 
no institution in the country training students 
who may be qualified to join that staff. 

Kven though the inventory of the western 
plant world is incomplete, yet studies of all de- 
partments of the science are so well developed 
that we are no longer under compulsion to seek 
preparatory training abroad although = such 
training may be of great advantage. We have 
also become world-minded in botanical investi- 
gation, until explorations in Latin America are 
noteworthy. Under the hand of Andrew Denny 
Rodgers authentic biographiesof North American 
botanists have appeared. The volume of Amer- 
ican botanical literature is far-reaching. 

Extensive stimulus to botanical investigation 
followed the founding of the Agricultural Ex- 
periment Stations in all the states nearly and 
quite sixty years ago; and the Bureau of Plant 
Industry of the United States Department of 
Agriculture, supplemented by similar organiza- 
tion in the states, has developed unprecedented 
research in all branches of botanical science. 

Plant-breeding has become a mighty volume. 
Every crop has been improved by it, until 
vields and qualities have shown great gains. 
One need note only Indian corn, wheat, oats, 
potato, sugar cane, sugar-beet, cotton, tomato, 
pineapple, meadow grasses, the fruits and vege- 
tables, and all the series of beautiful products 
that delight and satisfy the sensibilities. Im- 
provement of livestock rests on improvement of 
crops. 

All these studies have disclosed new possibili- 
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ties in the vegetable kindgom, even though they 
may not have eliminated inherited errors or at 
least their phraseologies. We still flounder in 
what we call hybridization. 

Assumed hybridization as a determinant or 
modifier of the forms of plant life has apparently 
been overplayed. As a philosophical proposi- 
tion we may question whether the _ estab- 
lished orderliness in organic nature and the 
recognized separateness of its forms could have 
come about by amalgamation; and the supposed 
role of hybridity in providing departures in 
variation yet requires analytical study; but this 
theme is an old and perhaps fruitless subject of 
debate. There are more direct considerations. 

Hybridization is invoked as a taxonomic re- 
fuge when the taxonomist is lost. Perhaps the 
best illustration may be derived from Rubus, the 
brambles, in which the systematics has remained 
in Stygian darkness and yet which yields readily 
to clear results when the student has specimens 
that represent the plant and eyes that believe 
what they see. It is not my part to express any 
opinion on treatments of the genus outside 
North America, but | may cite Sudre’s large and 
creditable work, Rubt Europae, 1908-1913, as 
illustration of my discussion. This work admits 
110 species, 989 published assumed hybrids, 
together with endless named_ varieties. In 
North America, which is the strongest Rubus 
center of the world, we have so far published 237 
assumed native hydrids: every one of them is 
false. We have postulated hybrids between 
species before we knew the species. If this 
practice had continued, the confusion by this 
time in this country would have been monumen- 
tal. 

Another quirk is the effort to determine the 
validity of a man’s concept of a species by 
crossing the with another 
Hybridization of plants cannot 
fusions in men’s minds. One does not clarify a 
subject by mixing it up. By real hybridization 
we derive hints on evolution, on plant behavior, 
and may obtain material for plant-breeding. 
In plant-breeding, in fact, lies the obvious value 
of hybridization. 

Many persons on the horticultural side cross 
everything, whether crossable or not, on sight. 
lf is a flair of the time. Thereby one displays 
lack of sensitiveness to the beauties and adjust- 
ments of nature, even though not aware of this 
defect. In the great horticultural groups where 
species-limits may now be obscured the effort 
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resolve con- 
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to produce new varieties by crossing interspecific 
stocks is indeed commendable because existing 
varieties run out or disappear, and novelty is 
itself exciting. Yet we may remember also that 
straight pure species themselves may have 
charm. 

In the general biologic field hybridity is not to 
be assumed; it is to be demonstrated and em- 
ploved. 

This brings us to the question of records in 
specialized botanical work. Records must be 
clear, accurate, permanent, and they rest on the 
exact determination of the plant as to genus and 
species. The record is not a written or printed 
name; it is a good pressed botanical specimen 
preserved somewhere in an herbarium that wel- 
comes such specimens. Photographs are not 
sufficient, nor dissected materials: these are 
evidences of the work, not records of the en- 
tities. Much of the publication on hybrids is of 
small value because we do not know what the 
workers had in hand, and there is no way of 
finding out. Not even a determination by an 


authority in the genus is sufficient; that deter- 
mination may be questioned by a successor. 
In the future the herbarium will not be alone a 
systematic record of species but also a back- 


ground for all botanical work; usefulness of an 
herbarium is only beginning to be understood. 

Taxonomy, or what was once more accurately 
known as systematics, has itself undergone 
basic changes in recent time. The current 
International Rules of Botanical Nomenclature 
require the type method of basing species, 
eliminating many of the old riddles. At least a 
generation will yet be needed to work out this 
requirement in species already known. Sys- 
tematics deals with the living organism as a 
whole and its place in the order of things. | 
quote a phrase from one of the contributors to 
Julian Huxley’s stimulating work, The New 
Systematics: “‘taxonomy is the basis of all 
biological work.”’ 

All this means that in the years to come we 
shall need closely organized coordinated botani- 
cal institutions rather than separate and _per- 
haps inharmonious topical or even personal 
departments. It is a prejudice among many 
botanists that the day of herbarium collections 
is passing; yet a proper herbarium must be a 
standardizing influence to all workers. 

Naturally all the present wide range of botanic 
science grew out of the inventory system of 
Linnaeus and his illustrious successors. Our 
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Asa Gray, by whom we choose to measure our 
early accomplishments, was not alone a sys- 
tematist. He projected four text-books in a 
series ‘‘for the higher and completer instruction.” 
Two of them were completed, one by himself 
and one by his colleague, George Lincoln Good- 
ale, who may still be remembered as prince of 
classroom lecturers. Goodale’s book was an 
extension of an early Gray text, under the title 
Physiological Botany. It was a comprehensive 
scholarly book, published in 1885. In that 
general period the laboratory method of teaching 
botany began to supplant the topical organiza- 
tion of the subject. Pioneer in this work was 
William James Beal, student of Gray and Agas- 
siz, who began his mature work in Michigan in 
the 1870's, a Quaker who quietly and inevitably 
held to his standards and enforced them. He 
began his classes not by books nor by lectures 
but by plants. His laboratory was an innova- 
tion, every student as he advanced having a 
compound microscope, which was an aberration 
in that day. 

Then came that dynamic personality, Charles 
Edwin Bessey, student of Beal and of Gray, who 
in the 1880's and 1890's carried his work into the 
aspiring West. He became a leader of botany 
and of men, who by his texts and his teaching 
put students into touch with protoplasm, metab- 
olism, internal structures, development, at the 
same time that he promoted powerful extension 
work and cooperated cordially in public pro- 
grams. At the same period the midwestern 
triumvirate, Arthur, Barnes, and Coulter, was 
energizing the science in teaching and research. 
From all these and many other sources has 
arisen the noble company of botanical scientists 
now active in schools, academies, colleges, uni- 
versities, endowed institutions, governmental 
departments. 

Breeding of new forms rests on variation of 
plants from their parents. It was an old saying 
that “like produces like.” In my early experi- 
menting | was impressed with the opposite, and 
my first and only paper before this Society, 
before | was a member, was an exposition of that 
theme, and the paper grew into a forgotten book 
called Survival of the Unlike. We now speak of 
this theme more euphoniously, and_ therefore 
more convincingly, as Discontinuity. 

For a century we have accepted the controlling 
importance of the environment in the origin and 
progress of the forms of life. Species, genera, 
tribes, possibly even life itself, have arisen from 





26 LIBERTY HYDE BAILEY 


the impinging of places and circumstances. 
We have mostly given up the Lamarckian con- 
cept of use and disuse as a central factor. We 
discard the Buffonian principle that environment 
acts directly on the organism for its betterment 
and safe-keeping. We have been committed, 
largely without our will, to the motivization 
expressed by those master heralds of the environ- 
ment, Alfred Russel Wallace and Charles Dar- 
win; and evidences of the survival of the fittest 
by means of natural selection are indeed com- 
pelling. Wallace and Darwin were naturalists. 
They traveled far. They saw strange objects. 
They met savage human beings. There were 
charm and adventure in their experiences. They 
were conquerors of facts. Their writings are 
scientific ; yet they also appealed to the emotions 
of men. We had been accustomed through the 
plodding centuries to finalities in the schemes of 
things but which we had begun to doubt. They 
gave us a new understanding and perhaps even 
a solace. Many of the grayheads before me 
will recall the fervor with which we accepted the 
philosophies of those victorious days, perhaps 
all the more convincingly because of the on- 
slaughts of the literalists. 

Now we approach the studies of organic life 


by means of the laboratory, with equipment, 


and knowledge of the minutiae of 
things that Wallace and Darwin knew not of. 
We make acquaintance with chromosomes within 
the cell, have rediscovered Mendel, and with 
confidence postulate the genes or units of hered- 
ity within the chromosome. The new science of 
genetics is born. <A strong and technical litera- 
ture appears, some of it not expressible in current 
language. Some of the findings are not under- 
standable in terms of natural selection. We 
accept these findings, even when we do not know 
what ultimately they mean. Perhaps we con- 
fuse genesis and adaptation. We still look for 
the forces that are basic to all life. Wallaceism 
and Darwinism are no longer sufficient. 


reagents, 
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At last we begin in a new way to comprehend 
forces internal and intrinsic in the constitution 
of things. What we have accepted as a growth- 
force may soon require definition independently 
of environment and of metabolism. Perhaps we 
may soon be conscious that we shall require 
another Darwin. 

Are we, then, to lose the naturalist? Vast 
would be the pity. We are restrained in tech- 
nicalities. We are likely to think that the 
niceties of science hold the keys to the explana- 
tion of everything. Do not be deceived. Sci- 
ence may eventually explain the world of How. 
The ultimate world of Why may remain for con- 
templation, philosophy, religion. 

Indeed we must pursue the technicalities, 
going farther and deeper with every one of them. 
Yet do we need to minimize the generalist? Is 
there any essential incompatibility between the 
two? Perhaps we begin’ specialization too 
early and too exclusively in the student’s career. 
Is any of our Ph.D. practice at fault? Labora- 
tory work is physically comfortable. It is less 
alarming than great mental adventures, less 
uncertain than experiences in far and dubious 
places. Does it ever lead to attitudes of mental 
static? 

Soon now we may be able to attack the funda- 
mental problem in biology in a hopeful way. 
This problem is the mode and means by which 
the carbohydrates and living units are formed 
from so-called inorganic materials. The _pri- 
mary and deepest mystery in this relationship 
is photosynthesis. When we announce the 
solution of this mystery, many other pronounce- 
ments that command universal attention may 
sink to minor place. What goes on in that 
plant cell? 

The vegetable kingdom provides the condition 
whereby animal life, including man, exists. It 
is the primary and major source of wealth. It 
holds the key to the origin of the phenomena we 
know collectively as life. 
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DuRING the last two or three decades con- 
siderable attention has been paid by historians 
to the attitude of the Old World towards the 
New World. What may be called the ‘‘Ameri- 
can mirage’ has exerted such a long lasting 
influence, the idealized picture of America pre- 
sents such permanent traits, that many writers 
have naturally emphasized this aspect of the 
European literature dealing with America.! 
On the whole, even today, despite obvious short- 
comings, America, and more particularly the 
United States, remains a land of unlimited 
riches, inexhaustible resources, gigantic achieve- 
ments, a land of promise and realizations. Oc- 
casionally however discordant voices are heard 
in this concert of admiration. Americans them- 
selves are wont to propose as an excuse and an 
explanation for the alleged weaknesses and 
deficiencies of their civilization that they are ‘‘a 
young people.” On the other hand, an even 


larger number of European critics, boasting of an 


age old tradition, have looked down on America 
in a semi-supercilious manner. It is a young 
country, and by this they mean that it is a 
country full of strength, ambition, and impetus, 
as well asa country still immature, inexperienced, 
unable to draw strength and sense of continuity 
from a long past. To say that America is ‘‘the 
land of the future’? as Hegel did, shortly after 
1820, may mean and did mean in fact that 
America has not yet achieved a real existence, 
that it exists as a dream and a promise, some 
would say as a threat or a nightmarish anticipa- 
tion, of a mechanized society, but not as a 
soundly established reality. 

No attempt will be made here even to outline 
the main aspects of an extremely complex and 
extensive subject; the theories of population 
which will be mentioned will serve only to trace 
to their remote origins some of the prejudices 
and misgivings which still exist concerning 
America. 

By the middle of the eighteenth century, some 
of the mythical atmosphere through which 
America had appeared since the discovery had 
been dissipated. It was no longer thought that 


the whole New World offered to the conquerors 
or colonists inexhaustible treasures. To the 
Spanish, the Portuguese, the French, and even 
the English peoples the settlements in the New 
World had brought many disappointments; the 
value of the colonies was much questioned and 
this explains in part the perfectly logical in- 
difference with which the French accepted the 
loss of both Louisiana and Canada. 

The British colonies presented a_ possible 
exception. It must be remembered however 
that, at the end of the seventeenth century, Sir 
William Petty, to mention only one name, had 
emphatically pronounced against emigration to 
the colonies, pointing out that: “In New Eng- 
land, there are vast numbers of able bodied 
Englishmen, employed chiefly in Husbandry, 
and in the meanest Part of it, (which is breeding 
of Cattel) whereas Jreland would have contained 
all those persons, and at worst would have 
afforded them Lands on better terms, than they 
have them in America, if not some other trade 
withal, than they now can have.” In _ the 
eighth and last of his ‘‘recommendations,” the 
author of Political Arithmetic condemned as 
wasteful the agricultural civilization which was 
beginning.to develop on the Atlantic seaboard, 
for: ‘‘There is no doubt that the same People, 
far and wide dispersed, must spend more upon 
their Government, and protection, than the same 
living compactly, and when they have no oc- 
casion to depend upon the Wind, Weather, and 
all the Accidents of the Sea.”’ ? 

On the whole, however, the colonies were rea- 
sonably prosperous, reasonably independent, 
politically if not economically. To the philos- 
ophers and the discontented they appeared more 
and more as a haven and an asylum, where men 
dissatisfied with conditions existing in their own 
country would be able to find, not an Eldorado, 
but conditions which would permit them to 
build a shelter for themselves and their families, 
and, to put it in the words of Bishop Berkeley, 
to have ‘‘shoes on their feet, cloaths on their 
backs, and beef in their bellies.’’ * 

This condition of the colonies was not a 
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matter of purely British concern. The British 
colonies had already a decidedly cosmopolitan 
complexion: the French Huguenots had found a 
refuge in New England, New Amsterdam, Vir- 
ginia, the Carolinas, and Georgia; the Dutch and 
the Swedes had founded important settlements 
along the Hudson and the Delaware; William 
Penn had attracted immigrants from the Low 
Countries and Germany and established a 
government which, according to Voltaire and 
Montesquieu, equalled and perhaps surpassed 
the golden age of the ancient poets. This new 
vision of America greatly influenced the philos- 
ophers and political thinkers who declared them- 
selves for the United States even before 1776 
and stood as the champions of American Inde- 
pendence in Europe.‘ In the words of the 
French friends of Benjamin Franklin, America 
was “the hope and example of the world.”’ 
Very few raised doubts on the political value of 
the experiment undertaken by the newly formed 
nation; many entertained serious misgivings 
about the future of the country itself. 

This was not simply a matter for theoretical 
disquisitions. If America proved unable to 
develop a large population, if the climate was not 
normally healthy and the soil normally produc- 


tive; if the country did not become intellectually 
and morally independent; if there were insuper- 
able obstacles to the growth of a large, stable 
and enlightened people, the American experi- 
ment would fail to fulfill the hopes and expecta- 


tions of the European liberals. These ques- 
tions, which at first were purely philosophical 
or speculative, became, after 1776, political 
problems of vital importance. In order to 
obtain and credits for the United 
States, the American envoys had to prove that 
America was a “good risk,"’ and this explains 
how and why Benjamin Franklin, Thomas 
Jefferson and John Adams were called upon to 
take part in a controversy which had _ been 
raging in the European continent for more than 
twenty-five years. 

Many of the animadversions directed against 
America were of a purely hypothetical nature; 
some others, on the contrary, had a direct bear- 
ing on the policy to be followed by the Dutch, 
the French, and the other European nations in 
dealing with the newly constituted federation. 
Among these | shall retain only three which are 
so closely connected that they are part of a 
whole and deal with the climate, soil, and popu- 
lation of America. 


assistance 
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I. MAN AGAINST NATURE. 
AND BUFFON 

If the first travelers in America had been prone 
to give exaggerated estimates of the size of the 
native population, the eighteenth century ob- 
servers, on the contrary, were struck by the fact 
that the New World had failed to develop a 
population comparable in number to the popula- 
tion of Asia, Africa, or Europe. Even admitting 
that a large number of natives had perished as a 
result of the Spanish conquest, the fact remained 
that the whole continent was very sparsely 
populated. In France, Montesquieu was one of 
the first ‘philosophers’ who attempted to deter- 
mine the factors directing the growth of popula- 
tion. In the Eighteenth Book of the Spirit of 
Laws, entitled “Of Laws in the Relation they 
have to the Nature of the Soil,”’ he attributed to 
the fertility of the soil the fact that there were in 
America so many small nations. ‘The earth 
producing spontaneously many fruits capable of 
affording them nourishment,”’ the natives were 
content to cultivate ‘‘a spot of land around their 
cabins” and to supplement these resources by 
hunting and fishing. The result was that land 
in America had remained uncultivated. From 
this observation he derived a principle or “‘law’’: 
‘As the produce of uncultivated land is to the 
produce of land improved by culture, so the 
number of savages in one country is to the 
number of savages in another. And when the 
people who cultivate the land, cultivate also 
the arts, the number of savages is, to the number 
of this people, in the compound proportion of the 
number of savages to that of the husbandsmen, 
and of the number of the husbandsmen to that 
of the men who cultivate the arts. They can 
scarcely form a great nation. If they are herds- 
men and shepherds, they have need of an exten- 
sive country to furnish subsistance for a small 
number; if they live by hunting, their number is 
still less, and, in order to find the means of life, 
they must form a very small nation.’’ (Spirit 
of Laws, Book XVIII, ch. X.) 

The way of life of the natives thus explained 
the small size of the population, for nature, ac- 
cording to Montesquieu, even when it is most 
fertile, provides only a scanty subsistence to 
mankind. Large populations develop not only 
through the efforts of the living and their own 
labor, but by reaping the results of the labors of 
their predecessors. To use his own words, 
“countries are rendered habitable by the indus- 
try of man and they stand in need of the same 
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industry to provide for their subsistence,” 
countries are ‘‘raised by the industry of man.” 
Refuting by anticipation the thesis that Rous- 
seau was to advance six years later in his Dis- 
course on the Origin of Inequality, he then exalted 
‘The works of men”: ‘‘Men by their care, and 
by the influence of good laws, have rendered the 
earth more proper for their abode. We see 
rivers where there have been lakes and marshes. 
This is a benefit which nature has not bestowed; 
but it is a benefit maintained and supplied by 
nature. ... Thus as destructive nations pro- 
duce evils more durable than themselves, the 
actions of industrious nations are the source of 
blessings which last when they are no more.” 
(Book XVIII, ch. VII.) 

As applied to America, and certainly Montes- 
quieu had America in mind, this was at the same 
time a program and a prophecy. ‘America 
first destroyed, and lately repeopled by the 
nations of Europe and Africa, could scarcely 
show its true genius; but all we know of its 
ancient history tends to show that these princi- 
ples will be verified’’ (idem, ch. V11), for *‘those 
countries which the industry of man has rend- 
ered habitable, and which stand in need of the 
same industry to provide for their subsistence, 
require a mild and moderate government.” 
At the same time, ‘‘the barrenness of the earth 
renders men industrious, sober, inured to hard- 
ship, courageous and fit for war; they are 
obliged to procure by labour what the earth 
refuses to bestow  spontaneously.”’ (Book 
XVIII, ch. IV, V, and VI.) 

The task before the colonists was enormous 
since they had to accomplish by themselves 
and in a short time what had been done in 
Europe through the efforts of countless genera- 
tions of men. But if they succeeded in wrench- 
ing from the soil what the soil did not produce 
by itself, if they made the land, “habitable’”’ 
the whole course of history indicated that they 
would turn into a people comparable in every 
respect to the strongest nations of Europe. 
Going even farther in his anticipations (Book 
XVIII, ch. VI), Montesquieu stated that ‘Those 
countries which the industry of men has rend- 
ered habitable and which stand in need of the 
same industry to provide for their subsistence, 
require a mild and moderate government.” 
Far from attributing to the soil and climate a 
dominant and almost exclusive influence, he 
carefully indicated that ‘‘Men are influenced by 
various causes, by the climate, the religion, the 
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laws, the maxims of government, by precedents, 
morals, and customs; from whence is formed a 
general spirit, which takes its rift from these.”’ 
(Book XIX, ch. XX XV.) 

If the consideration of the American problems 
of population had remained on this high moral 
and social plane, there would have been no 
controversy and no quarrel with the men who 
were endeavoring to develop a new society in 
the New World. Unfortunately, a year later, 
the great French naturalist Buffon injected into 
the debate a_ scientific or pseudo-scientific 
element which gave to the question an entirely 
different aspect. 

Buffon’s views on America are part of a general 
system and are to be found scattered through 
his whole works from 1749, date of the publica- 
tion of the Theory of the Earth, to 1779 when he 
gave a final form to his theory of civilization in 
the Epochs of Nature. During that long period, 
while publishing new volumes of his Natural 
History and proceeding with his program, he 
constantly revised the earlier volumes, adding 
supplements, corrections, letters received from 
French and foreign observers and modifying his 
original statements or conclusions. It also 
happened that, in order to break ‘‘the monotony 
of a long series of descriptions,’’ he inserted in the 
volumes dealing with the Quadrupeds, ‘“‘dis- 
courses” in which he gave his ‘‘views of Nature 
in general,’ an explanation which must be taken 
with a grain of salt, since these developments, 
apparently introduced for the pleasure of the 
reader, often contained views which might have 
been very objectionable to the Faculty of 
Theology which had already courteously but 
severely criticized certain passages in the Theory 
of the Earth. Had he lived long enough, Buffon 
might have attempted to harmonize all the parts 
of the great structure he erected with the assist- 
ance of many collaborators. As the works 
stand in their original form, they represent the 
different steps of Buffon’s thought and con- 
sequently offer many contradictions. On the 
whole, however, and at least on this particular 
subject, Buffon seems to have been fairly con- 
sistent, despite his obvious desire to avoid or 
correct any too pessimistic statements which 
might have offended his American friends.*® 

His fundamental contention, very similar to 
Montesquieu’s thesis, already appears in the 
Theory of the Earth. Being essentially a cham- 
pion of society and a ‘‘civilized man,”’ Buffon 
refused to sentimentalize about nature in its raw 
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state. The lakes and rivers of America, the 
floods, ‘cataracts, whirlpools and commotions 
of the waters’’ are simply listed as obstacles to 
navigation indicative of the undeveloped con- 
dition of the country: 


In every country where the number of men is too 
inconsiderable for forming and supporting polished 
societies, the surface of the earth is more unequal 
and rugged, and the channels of rivers are more ex- 
tended, irregular, and often interrupted by obstacles. 
The Rhone and the Loire would require the operation 
of several ages before they became navigable. It is 
by confining and directing the waters, and clearing 
the bottoms of rivers, that they acquire a fixed and 
determinate course. In thinly inhabited regions, 
nature is always rude, and sometimes deformed. 
(Article X, Of Rivers, I: 283 and 336.) 


In the long dissertation on ‘‘The Varieties of 
the Human Species”’ which serves as a conclusion 
to the Natural History of Man, Buffon, eliminat- 
ing the psychological and moral factors which 
influence the development of human societies 
attributed to climate and food most of the vari- 
ations in color and _ physical characteristics 
which he described. Civilized men are un- 
doubtedly superior in every respect to the ill-fed 
children of nature: ‘Coarse, unwholesome, and 


ill prepared food, makes the human species 


degenerate. All those people who live miser- 
ably, are ugly and ill-made. Even in France, 
the country people are not so beautiful as those 
who live in towns. . The effects of climate 
and of food upon animals are so well known, that 
we need hardly mention them: And, though their 
operation is slower and less apparent upon men; 
vet, from analogy, we ought to conclude, that 
their effects are not less certain, and that they 
manifest themselves in all the varieties we find 
among the human species.”’ (III: 206.) This 
combined effect of climate and food, the latter 
being an expression of civilization, accounts for 
the fact that ‘‘the most handsome and beautiful 
men are to be found between the fortieth and 
fiftieth degree of latitude. . . . The civilized 
countries situated under this zone, are Georgia, 
Circassia, the Ukraine, Turkey in Europe, 
Hungary, the south of Germany, Italy, Switzer- 
land, France, and the northern part of Spain. 
The natives of these territories are the most 
handsome and most beautiful people in the world.” 

Considering ‘‘the small number of men scat- 
tered over the immense territories of North 
America,” attributing the paucity of its inhabit- 
ants to the want of civilization, Buffon came to 
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the conclusion that “though each nation has 
peculiar customs and manners, though some are 
more savage, cruel and dastardly than others, 
yet they are all equally stupid, ignorant, and 
destitute of arts and of industry.”’. 

In summing up his indictment, Buffon rec- 
ognized that on the whole “the climates of 
America are not so unequal, with regard to heat 
and cold, as those of the Antient Continent”’ and 
consequently that some other reason had to be 
found to explain the small size of the population. 
It appeared to him that the Americans, or so- 
called natives, were in fact a new people, recently 
settled on the continent; that “the country still 
wild, uncultivated, covered with woods and by 
inaccessible and uninhabitable mountains offered 
only small spots proper either for culture or 
habitation”; finally, that the Europeans had 
been unable to change materially the character- 
istics of the country although unquestionably 
more industrious than the natives. 

At that time however, Buffon still refrained 
from too broad generalizing: it is only after 
proceeding half way through the description of 
quadrupeds and dealing with the tigers, that he 
suddenly stopped to insert a long dissertation, 
(1) On the animals peculiar to the Old World; (2) 
On the animals peculiar to the New World; (3) On 
the animals common to both worlds. Throughout 
the first part are found constant references to 
the deficiencies of the New World: “In America, 
there is not an animal that can be compared to 
the elephant, either with regard to figure or 
magnitude”; the hippopotamus “is not to be 
found in America’; ‘“The Spaniards formerly 
transported real camels to Peru. But the cli- 
mate of this New World was not favourable to 
these animals; for although they produced, 
their numbers were never considerable’; the 
giraffe, ‘‘an animal remarkable for its height 

is not to be found in America’; the lion 
“does not exist in America’; ‘‘all our domestic 
animals, and the largest species of the wild 
animals of Africa and America, had no original 
existence in the New World.”’ Furthermore, 
it was a common observation, that ‘‘all the 
animals which have been transported from 
Europe to America, as the horse, the ass, the 
sheep, the goat, the hog, etc., have become 
smaller; and those which were not transported, 
but went thither spontaneously, those in a word 
which are common to both Continents, as the 
wolf, the stag, the roebuck, the elk, etc. are also 
considerably less than those of Europe.” 
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If the smaller density of the American popula- 
tion could be accounted for by the hypothesis 
that the American Indians were comparatively 
newcomers, and had not had the time to develop 
a real civilization, another explanation had to be 
found to explain this extraordinary disparity 
between the animals of the Old World and the 
animals of the New World. Throughout this 
long enumeration, Buffon had hinted, that, in 
America, “animated Nature is weaker, less 
active, and more circumscribed in the variety of 
her productions.”’ Bringing together this for- 
midable array of circumstances, he drew up the 
conclusions which some twenty years later were 
to arouse the ire of Thomas Jefferson. As this is 
a capital document in the history of the con- 
troversy, perhaps I may be permitted to quote 
extensively from it. It is an important although 
misguided effort to apply physical and biologi- 
cal principles to the study of human society; it 
is also a striking illustration of the danger of 
employing in sociological studies insufficiently 
verified scientific hypotheses. Buffon, being a 
philosopher, much more than an observer, was 
primarily interested in discovering a general 
principle or “law’’ which would provide a 
satisfactory explanation for the phenomena he 
had listed. 


In this New World, therefore, there is some com- 
bination of elements and other physical causes, some- 
thing that opposes the amplification of animated 
Nature. There are obstacles to the development 
and perhaps to the formation of large germs. Even 
those which, from the kindly influences of another 
climate, have acquired their complete form and ex- 
pansion, shrink and diminish under a niggardly sky 
and an unprolific land, thinly peopled with wander- 
ing savages, who, instead of using this territory as a 
master, had no property or empire; and having sub- 
jected neither the animals nor the elements, nor 
conquered the seas, nor directed the motions of 
rivers, nor cultivated the earth, held only the first 
rank among animated beings, and existed as crea- 
tures of no consideration in Nature, a kind of weak 
automatons, incapable of improving or fecunding 
her intentions. She treated them rather like a 
stepmother than a parent, by denying them the 
invigorating sentiment of love, and the strong desire 
of multiplying their species.’ 

For, though the American savage be nearly of the 
same stature with men in polished societies, yet this 
is not a sufficient exception to the general contraction 
of animated Nature throughout the whole Continent. 
In the savage, the organs of generation are small and 
feeble. He has no hair, no beard, no ardour for the 
female. Though nimbler than the European, be- 
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cause more accustomed to running, his strength is ° 
not so great. His sensations are less acute; and yet 
he is more cowardly and timid. He has no vivacity, 
no activity of mind. The activity of the body is 
not so much an exercise or spontaneous motion, as a 
necessary action produced by want. Destroy his 
appetite for victuals and drink, and you will at once 
annihilate the active principle of all his movements; 
he remains, in stupid repose, on his limbs or couch 
for whole days. It is easy to discover the cause of 
the scattered life of savages, and of their estrange- 
ment from society. They have been refused the 
most precious spark of Nature's fire. They have no 
ardour for women, and, of course, no love of man- 
kind. Unacquainted with the most lively and most 
tender of all attachments, their other sensations of 
this nature are cold and languid. Their love to 
parents and children is extremely weak. The bonds 
of the most intimate of all societies, that of the same 
family, are feeble; and one family has no attachment 
to another. Hence no union, no republic, no social 
state, can take place among the morality of their 
manners. Their heart is frozen, their society cold, 
their empire cruel. They regard their females as 
servants destined to labour, or as beasts of burden, 
whom they load unmercifully with the produce of 
their hunting, and oblige, without pity or gratitude, 
to perform labours which often exceed their strength. 
They have few children, and pay little attention to 
them. Every thing must be referred to the first 
cause: They are indifferent, because they are weak; 
and this indifference to the sex is the original stain 
which disgraces Nature, prevents her from expand- 
ing, and, by destroying the germs of life, cuts the 
root of society. 

Hence man makes no exception to what has been 
advanced. Nature by denying him the faculty of 
love, has abused and contracted him more than any 
other animal. But before examining the causes of 
this general effect, it must be allowed, that if 
Nature has diminished all the quadrupeds in the 
New World, she seems to have cherished the reptile 
and enlarged the insect tribes. 


This last observation served as a new point of 


departure for Buffon’s reasoning. As far as he 
knew, the ‘inert condition of nature,”’ favoring 
the development of lower creatures and pre- 
venting the growth of ‘‘nobler’’ organisms, could 
only be explained by the quality of the earth and 
atmosphere, the degree of heat and moisture, 
the situation and height of mountains, the 
quantity of running and stagnant waters, and 
the extent of forests. Tracing a dismal picture 
of the American scene, insisting upon the fact 
that the natives had never stopped the torrents, 
nor directed the rivers, nor drained the marshes, 
that the stagnating waters covered immense 
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tracts of land, augmenting the moisture of the 
air and diminishing its heat, he attributed to the 
climate, in last analysis, the blight which affected 
men and beasts in the New World. 

Here the Earth her surface adorned 


with these rich crops, which demonstrate her fecund- 
ity, and constitute the opulence of polished nations. 


never saw 


In this abandoned condition, everything languishes, 
corrupts and proves abortive. The air, the earth, 
overloaded with humid and noxious vapours, are 
unable either to purify themselves, or to profit by the 
influence of the Sun, who darts in vain his most en- 
livening rays upon this frigid mass, which is not in a 
condition to make suitable returns to his ardour. 
Its powers are limited to the production of moist 
plants, reptiles, and insects, and can afford nourish- 
ment only to cold and feeble animals. 


In justice to Buffon, it must be remarked here 
that most of his critics, including Jefferson, 
seem to have completely overlooked the con- 
clusion which follows this long development. 
His main purpose was to illustrate the point 
that, in its original condition, Nature is not the 
kind and generous mother of the poets, but that, 
in order to survive and develop a civilization, 
man must curb and domesticate the blind forces 
around him. While animals multiply, degener- 


ate, and even completely disappear according 


to their climatic surroundings, man is ‘‘the 
only animated being on whom Nature has be- 
stowed sufficient genius, strength, and ductility 
to enable him to survive and multiply in every 
climate of the earth. No other animal, it is 
evident, has obtained the same _ privilege.” 
When all the available data are taken into con- 
sideration, the only philosophical conclusion 
which may be drawn from the real inferiority of 
the natives of America is, that ‘‘the greatest 
part of the Continent of America is a new land, 
still untouched by the hand of man that 
the men are cold, and the animals small because 
the ardour of the former, and the magnitude of 
the latter, depend upon the salubrity and the 
heat of the air; and that some centuries hence, 
when the lands are cultivated, the forests cut 
down, the course of the rivers properly directed, 
and the marshes drained, this same country 
will become the most fertile, the most wholesome 
and the richest in the whole world, as it is al- 
ready in all the parts which have experienced 
the industry and skill of man.” 

Thus Buffon established a sharp distinction 
between the American savages, who accepting 
passively their natural surroundings adapted 
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themselves to natural conditions, and the 
European colonists who were making every 
effort to become the masters and not the serv- 
ants of nature. In Buffon’s judgment this fight 
against the forces of nature and natural condi- 
tions was the most evident manifestation of the 
superiority of man over animals, and truly made 
him the ‘‘king of Creation,”’ as he had extensively 
shown in another “dissertation,” Two Views of 
Nature, also inserted in the description of the 
quadrupeds. Far from constituting an unfair 
criticism of America, his theories, fundamentally 
very close to Montesquieu’s conclusions, were a 
direct tribute to the industry of the British 
colonists. We shall see later that, although 
Buffon in his Supplements attempted to make 
his position clear, his main thesis was completely 
misunderstood and misrepresented by sensa- 
tionalist writers, who deliberately chose to. over- 
look the second part of his demonstration and 
retained only his picture of the ‘‘desert and 
melancholy state of the New Continent.” § 


Il. TRAVELERS AND POLEMISTS 


By a particularly unfortunate coincidence, 
the first part of Buffon’s thesis seemed to receive 
confirmation from a scientific traveler, or rather 
a traveler enjoying a not inconsiderable reputa- 
tion as a scientist. A disciple of Linnaeus, a 
professor in the Swedish Academy of Finland 
and a member of the Royal Swedish Academy, 
was sent to America on a mission from the 
Academy. Peter Kalm had letters of introduc- 
tion to Benjamin Franklin and John Bartram. 
He stayed in Philadelphia, then in the Swedish 
settlement of the Delaware, traveled extensively 
and even visited some parts of Canada. Day by 
day, he wrote his observations and published 
them in 1752, without attempting to suppress 
the contradictions which are bound to appear in 
a diary.® 

It is an extraordinary mixture of fancy and 
keen observations. Personally, and through 
John Bartram whom he had provided with a 
Celsius thermometer, he took daily readings of 
the temperature at different times of the day, 
noted the strength of the wind, the condition of 
the sky, from June 1, 1749, to October 4 of the 
same year, thus making, as far as I was able to 
ascertain, the first methodical study of the 
climate around Philadelphia. Unfortunately, 
he was also extraordinarily credulous and enter- 
tained a strong prejudice against the Germans 
who, in his estimate, constituted the main body 
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of the population of Pennsylvania. His ad- 
miration for Bartram was boundless and he 
naively admitted that he was at a loss ‘‘to think 
of the sources from whence he got many things 
which came to his knowledge.’”’ After reading 


the following story which he had from Bartram, 
we may easily guess that the old botanist and 
friend of Dr. Franklin largely drew from his 
imagination and took advantage of the Swedish 
traveler’s gullibility. 


Bears are very numerous higher up in the country, 
and do much mischief. Mr. Bartram told me, that 
when a bear catches a cow, he kills her in the follow- 
ing manner; he bites a hole into the hide, and blows 
with all his power into it, till the animal swells ex- 
cessively and dies, for the air expands greatly 
between the flesh and the hide. (Travels into North 
America I: 89.) 

No less fanciful is his account of ‘Show the 
rattle snake catches squirrels merely by fascina- 
tion,’’ which he described in detail in a treatise 
inserted in ‘‘the Memoirs of the Royal Academy 
of Sciences, in the volume for the year 1753.” 

While Buffon had simply indicated that the 
moisture of the American climate was responsible 
for the extraordinary multiplication of insects, 
Peter Kalm gave long and detailed lists of the 
pests which afflicted the travelers and the 
colonists: ‘“‘mosquitoes, a kind of disagreeable 
gnat’’; Brucchus Pisi, which destroys whole fields 
of pease; a kind of locust which comes hither 
every seventeenth year in incredible numbers; 
a kind of caterpillars which sometimes ruin en- 
tirely great forests; fleas, immense number of 
them have certainly been here from time im- 
memorial; the black cricket, which swarms 
around the farm houses; bugs (Cimex lectularius) 
are very plentiful; mill-beetles, or cock-roaches 
are a plague of North America, they are in al- 
most every house in New York; the wood lice 
with which the forests are pestered; the grass is 
consumed by a kind of worms and another kind 
causes the plums to drop. In addition, ‘‘the 
rattlesnakes, horned-snakes, red bellied green 
and other poisonous snakes, against whose bite 
there is frequently no remedy are in great plenty 
here.” (Travels, 1: 324; II: 44.) 

The natural and agricultural productions are 
of very doubtful quality. The soil is rich 
enough; but it is soon ruined by bad cultivation: 
“the rye grows very ill in most of the fields’; 
oak timber soon moulders into a sort of flour, 
and ships built in America scarcely last a few years. 
The climate is abominable and most unhealthy: 


AMERICA AS A HUMAN HABITAT 33 


The weather is so inconstant here that when a day 
is most excessively hot, the next is often sensibly 
cold. This sudden change often happens in one 
day; and few people can suffer these changes without 
impairing their health. The heat is excessive and 
so is the cold; against the heat there is no remedy. 
Several distempers prevail here, and they increase 
every year. Nobody is left unattacked by the 
intermittent fever; and many people are forced to 
suffer it every year, together with other diseases. 
(II: 44.) 

No wonder animals necessarily degenerate 
under these conditions: 


The cattle were originally brought from Europe. 
The natives have never had any, and, at present, 
few of them care to getany. But the cattle degener- 
ate by degrees here, and become smaller. For the 
cows, horses, sheep, and hogs are all larger in Eng- 
land, though those which are brought over here are 
of that breed. But the first generation decreases a 
little, and the third and the fourth is of the same size 
with the cattle already common here. The climate, 
the soil, and the food, altogether contribute their 
share towards this change. (I: 80.) 

In his views on the climate and the natural 
productions of America, Peter Kalm was fairly 
consistent; his observations on population pre- 
sent contradictions which cannot be easily 
reconciled. His first impression of Philadelphia 
was very enthusiastic: how a city could rise 
“from nothing” in such a short time was un- 
believable. While other countries which have 
been settled for a long time were complaining of 
the small number of their inhabitants, Phila- 
delphia, which hardly contained five hundred 
people in 1684, could now vie with several king- 
doms in Europe in the number of inhabitants. 
Kalm was not able to ascertain the exact popula- 
tion and complained that mortality bills were 
not kept regularly in all the churches; it was not 
easy either ‘“‘to determine the number of those 
that are born” and the extraordinary influx of 
immigrants added to the uncertainty since in a 
single year, 1749 “near twelve thousand Ger- 
mans came over to Philadelphia.’’ However, a 
rough estimate could be made from the number 
of houses which ‘‘in the same year were counted 
and found to be two thousand and seventy six in 
number.” (I: 46.) 

After a few months in the country, and as we 
may suspect relying on the reports of Swedish 
settlers, Peter Kalm modified considerably his 
original views. He did not deny that the popu- 
lation grew very rapidly, but it was a population 
of very inferior quality, physically and _ intel- 
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lectually. Here again, we have to quote in full 
since this particular statement of Peter Kalm 
was to reappear frequently under the pen of the 
detractors of America. Unlike Buffon, he was not 
considering the native population, but the white 
colonists in whom Montesquieu and Buffon had 
placed their hope: 


It is remarkable that the inhabitants of the 
country, commonly sooner acquire understanding, 
but likewise grow sooner old than the people in 
Europe. It is nothing uncommon to see little 
children, giving sprightly and ready answers to 
questions that are proposed to them, so that they 
seem to have as much understanding as old men. 
But they do not attain to such an age as the Euro- 
peans; and it is almost an unheard of thing, that a 
person born in this country, should live to be eighty 
or ninety years of age. But I only speak of the 
Europeans that settled here. For the savages, or 
first inhabitants, frequently attain a great age, 
though at present such examples are uncommon, 
which is chiefly attributed to the great use of brandy, 
which the savages have learnt from the Europeans. 
Those who are born in Europe attain a greater age 
here, than those who are born here of European 
parents. In the last war it plainly appeared that 
these new Americans were by far less hardy than the 
Europeans, in expeditions, sieges, and long sea- 
voyages, and died in numbers. It is very difficult 
for them to use themselves to a climate different 
from their own. The women cease bearing children 
children sooner than in Europe. They seldom or 
never have children after they are forty or forty-five 
years old, and some leave off in the thirtieth year of 
their age. I enquired into the causes of this, but no 
one could give me a good one. Some said it was 
owing to the affluence in which people live here. 
Some ascribed it to the inconsistency and change- 
ableness of the weather, and believed that there was 
hardly a country on earth in which the weather 
changes so often in a day as it does here. For if it 
were ever so hot, one could not be certain whether 
in twenty-four hours there would not be a piercing 
cold. Nay, sometimes the weather will change five 
or six times a day. (I: 81.) 


Later, in the same year, Peter Kalm seemed 
to have changed again his view of the white 
population of America. There is however a 
possibility, although he makes no such distinc- 
tion, that conditions prevailing in the rural 
districts were different from the conditions 
obtaining in cities already comparatively 
crowded. Whatever the case may be, not only 
did he admit that ‘people multiply here more 
than in Europe,”’ but he did not find it difficult 
to find an explanation for that rapid increase: 
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As soon as a person is old enough, he may marry in 
these provinces, without any fear of poverty; for 
there is such a tract of good ground yet uncultivated, 
that a new-married man can, without difficulty, get 
a spot of ground, where he may sufficiently subsist 
with his wife and children. The taxes are very low, 
and he need not be under any concern on their 
account. The liberties he enjoys are so great, that 
he considers himself as a prince in his possessions. 
I shall here demonstrate, by some plain examples, 
what effect such a constitution is capable of. 


Then follows a long list of striking cases of 
longevity and fertility not only among the new 
settlers but among the older colonists: Sarah 
Tuthil, a widow who died aged eighty-six years 
and who had so many children and grandchildren 
that ‘from seven of the children she had brought 
into the world she had seen one hundred and 
seventy-seven grandchildren and great grand- 
children’; Richard Buttington, whose house 
assembled one hundred and fifteen descendants; 
Mrs. Maria Hazard, a widow who died at South 
Kingston, in New England, the hundredth year 
of her age, on the twenty-eighth of January 1739. 
“She could count altogether five hundred chil- 
dren, grandchildren, great grandchildren, and 
great great grandchildren. When she died, two 
hundred and five persons of them were alive; a 
granddaughter of hers had already been grand 
mother near fifteen years.”’ (I: 314-315.) 

From this instance, which could be supple- 
mented with many others, it will clearly appear 
that Peter Kalm used the methods of the re- 
porter rather than a “philosophical”? approach. 
As he went along, he consigned in his notebooks, 
without much critical sense, the information he 
had obtained from both reliable and unreliable 
informers. We have already seen what fan- 
tastic tales he had accepted from John Bartram. 
Here we may venture the guess that his informer 
had been no less a person than Benjamin 
Franklin, whose Observations concerning the In- 
crease of Mankind, Peopling of Countries etc. are 
supposed to have been written only in 1751, but 
who may very well have given some thought to 
the subject as early as 1749. 

Peter Kalm’s relation was published in Swedish 
and first printed in Stockholm in 1753. Soon 
after, it was translated into German and printed 
in three volumes at Géttingen, between 1754 and 
1764. At that point appeared the first traitor 
in the play, or if one prefers, the first sensational 
deformation and interpretation of the specula- 
tions on the growth of American population. In 





OC, 


‘in 
for 
ed, 
ret 
ist 
Ww, 
eir 
lat 

ns. 


es, 


of 
Ww 
ah 
irs 
en 


VOL. 91, NO. 1, 1947] 


1761, the Journal Etranger, published in France 
by abbé Arnaud, gave a long review of the 
Swedish version of Kalm’s Travels. There is 
no reason to believe that the good abbé was un- 
favorably disposed towards America; but it 
happened that, in his eagerness to capture the 
interest of his readers, he picked out the most 
sensational parts of Kalm’s accourit which were 
naturally the observations on the curious weak- 
ening of the Europeans transplanted into the 
New World, their intellectual shortcomings, 
and the assertions that the Americans were un- 
able to stand the fatigues of war and that women 
cease to bear children at the age of thirty. He 
was too good a journalist to overlook the curious 
tale of the bear and the cow and he embellished 
singularly another story in which Peter Kalm 
had related how the farmers of Pennsylvania 
used tame deer as decoys to attract wild deer to 
their farms, changing the deer into ‘‘monkeys,”’ 
which was certainly more picturesque and more 
unexpected. 

It also happened that in 1768 M. Rousselot de 
Surgy, ‘‘Censeur royal,’’ took for his foundation 
the relation of Peter Kalm to write an [/istotre 
naturelle et politique de la Pensylvanie. Finding 
that Kalm’s work was full of ‘unimportant 
details and was badly organized,” he faithfully 
followed the Journal Etranger, in his Observations 
sur les qualités physiques du peuple de Pensyl- 
vanie, and supplemented Kalm with the German 
account of Gottlieb Mittelberger, who for several 
years had been an “‘organiste et maitre d’école 
en Pensylvanie.”’ 

All the students of travel relations are familiar 
with the sad fact that misinformation spreads 
more rapidly and more widely than unadorned 
truth. In 1768 and 1769, a curious character of 
Dutch extraction, Cornelius de Pauw, published 
in Berlin two volumes summing up all the at- 
tacks which had been directed against America 
under the impressive title of Recherches philos- 
ophiques sur les Américains.'® Carefully and 
venomously selecting in Buffon all the remarks 
unfavorable to America and dealing with the cli- 
mate, the insalubrity of the land, the weakness of 
the natives, he added details of his own, conclud- 
ing that there was in the climate a radical vice 
which prevented propagation. He obviously 
took a malicious pleasure in elaborating upon 
the anatomical details given by Buffon and, 
going one step further, he maintained that the 
Creoles or Europeans born in America, were 
affected with the same weakness. When Buffon 
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did not seem specific enough he called upon 
Clayton, Catesby, Hans Sloane, Kalm and 
many others, in order to support his contention 
that the Creoles were not only physically weak 
and inferior to the Europeans, but that, intel- 
lectually, they were incapable of any effort or 
achievement, as was clearly shown by the 
experience made by the Jesuits at the University 
of Santa Fe, where out of two thousand students 
‘‘no master, no philosopher, no physician, no 
scientist’ had ever graduated. 

It was not a mere accident that de Pauw read 
several memoirs on the subject before the 
Academy of Berlin and was a protégé of Fred- 
erick II. The rot philosophe had very good 
reasons for discouraging German emigration to 
America and was certainly delighted by that 
piece of anti-promotional literature.!! Trans- 
lated into German, going through several edi- 
tions in French, attracting extraordinary atten- 
tion throughout Europe, the book of de Pauw 
was at once considered as authoritative, despite 
the refutation published by abbé Pernetty and 
by Buffon himself. 

It contained no argument which we have not al- 
ready encountered and as it has been extensively 
analyzed in a study published by Professor Henry 
Ward Church we shall dispense here with the 
analysis of a heavy, pedantic, and badly written 
piece of work, which despite Professor Church’s 
too favorable opinion it is difficult to find ‘‘in- 
structive and entertaining reading.”’ * Its chief 
merit, from our point of view, lies in the fact 
that it probably decided Buffon to revise his 
earlier views on the ‘Varieties of the Human 
Species’’ and to publish an important supple- 
ment, in 1778. More than thirty years had 
elapsed since he had written his volumes on the 
natural history of man and he had become 
aware of the general tendency of the travelers 
to prefer unusual and _ exceptional occur- 
rences to plain truth. He admitted that he 
had followed them without sufficient verifica- 
tion. With true scientific humility, he confessed 
that he had been misled and mistaken and 
undertook systematically to ‘‘réintégrer les 
choses dans la plus exacte vérité.”’ In the 
special chapter dealing with ‘“The Americans,” 
he took to task the author of Les Recherches 
Philosophiques, maintaining against de Pauw 
and his original contention that ‘‘les Caraibes, 
les Iroquois, les Hurons, les Floridiens, les 
Mexicains, les Tlascaltéques, les Péruviens, &c. 
étoient des hommes nerveux, robustes et méme 
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plus courageux que Il’infériorité de leurs armes a 
celles des Européens ne sembloit le permettre.”’ 
In answer to Peter Kalm he advanced that, 


“Dans un pays ot les Européens multiplient si 
promptement, od la vie des naturels du pays est 


plus longue qu’ailleurs, il n'est guére possible 
que les hommes dégénérent."” Nothing was left 
of his original aspersions on the climate and the 
soil of America and we shall not have to seek 
very far to find the source of his information: it 
was no less than ‘‘the respectable testimony of the 
famous Dr. Franklin’’ who had assured him that 
in twenty-eight years and without any immigra- 
tion the population of Philadelphia had doubled. 
It was all in vain, for neither corrections 
nor denials can eradicate the impression once 
made by an original statement. Despite the 
many refutations of de Pauw published at the 
time, the author of the Recherches Philosophiques 
was chosen to write the article on America in the 
Supplément de Il’ Encyclopédie published in 1776. 
Not only did he reaffirm his original position at 
that time, but, generalizing his remarks, he 
added that if the lack of intellectual accomplish- 
ments in South America could be attributed to 
the fact that the universities were in the hands 
of the Jesuits, no such explanation could be 
advanced in the case of the University of Cam- 
bridge in New England which had never formed 
any young American of literary promise: 
“Could we really expect any such achieve- 
ments from a handful of merchants and ad- 
venturers guided by a rapacious avarice in all 
their actions. Alas! we doubt it very much.”’ 
These doubts on the future of the British 
colonies reflected the views of the “philosophical 
sect’? and they had already been expressed in 
an extraordinary compilation for which abbé 
Raynal had endorsed the responsibility but in 
which had collaborated among others, Diderot, 
d’Holbach, Pechmeja, Paulze, abbé Martin, 
Deleyre and many others. L’//istoire phailoso- 
phique et politique des établissements des Euro- 
péens dans les Indes formidable war 
machine directed against many objectives: it 
denounced the crimes and cruelties of the 
Europeans in their colonial enterprises; it 
violently attacked all forms of religious ‘‘fanat- 
icism,”’ the Inquisition and the missions; it 
denounced the colonial monopolies and the 
institution of slavery; it stood for social and 
scientific progress and against the naive primitiv- 
ism attributed to Jean-Jacques Rousseau; it 
provided an outlet for all the dreams of the 
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philosophers and, as may be expected, it con- 
tained countless contradictions. In many re- 
spects it may be considered as the Summa 
philosophica of the Encyclopedic sect and 
presents such a confusion that it has never been 
studied in its details. Published for the first 
time in 1770, it went through several editions, 
all of them different in some details and con- 
taining additions, supplements, and _retracta- 
tions.'"* Nowhere were the contradictions and 
the changes more striking than in the chapters 
dealing with the British colonies. 

In the first edition Raynal followed very 
closely Buffon, Peter Kalm, and Rousselot de 
Surgy: 


The rivers, which in America are wider and of 
greater.extent; the immense forests to the South, the 
spacious lakes and vast morasses to the North; the 
almost eternal snows between the tropics; few of 
those pure sands that seem the remains of an ex- 
hausted ground; no men entirely black; very fair 
people under the line; a cool and mild air in the same 
latitude as the sultry and uninhabitable parts of 
Africa; a frozen and severe climate under the same 
parallel as our temperate climates; and lastly, a 
difference of ten or twelve degrees in the temperature 
of the Old and New Hemisphere; these are so many 
tokens of a world that is still in its infancy. . .. A 
less scorching sun, and thicker vapours, more dis- 
posed to stagnate, are evident marks of the decay or 
the infancy of nature. (Book XVII: 192 of the 
French edition.") 


Towards this New World, Nature has mani- 
fested a strange neglect and indifference. Com- 
bining Buffon and de Pauw, Raynal then draws 
a discouraging picture of the natives who have 
no strength, nor beard nor hair, are indifferent 
to the sex, and remain in a “sort of childhood 
similar to that of people in our continent who 
have not yet arrived to the age of puberty. This 
seems to be a natural defect prevailing in the 
continent of America, which is an indication of 
its being a new country.” 

Contrasting with this unfortunate state of 
nature are the achievements of the colonists in 
North America: 


But man appeared, and immediately changed the 
face of North America. He introduced symmetry 
by the assistance of all the instruments of the arts. 
The impenetrable woods were instantly cleared, and 
made room for commodious dwellings. The wild 
driven away, and stock of domestic 
animals supplied their place while thorns and briars 
made way for rich harvests. The waters forsook 
part of their domain, and were drained off into the 


beasts were 
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interior part of the land, or into the sea by deep 
canals. The coasts were covered with towns, and 
the bays with ships; and thus the new world, like the 
old became subject to man. What powerful engines 
have raised that wonderful structure of European 
industry and policy? 


The answer to this question is easy: it is no 
less than the spirit of liberty and _ religious 
toleration which animated the refugees of all 
sorts who found an asylum in the British 
colonies and particularly in Pennsylvania. In 
flat contradiction to the enthusiastic description 
of Philadelphia, its college ‘its magnificent 
library,”’ its well built ‘“‘city opened to all the 
resources of industry”’ is Raynal’s conclusion on 
the degeneration of domestic animals brought 
over from Europe, which seems to demonstrate 
that it is a law of nature that ‘‘each people, every 
living organism should grow and die in its 
native habitat.”’ 

Even more striking and more severe is the 
characterization of the inhabitants in the 1770 
edition. We shall quote it in the French 
original, since, as we shall see later, it is the text 
to which Jefferson took strong exception in the 
Notes on Virginia: 


Tandis que la tyrannie et la persécution, desoloi- 
ent et desséchoient la population en Europe, 
l'Amérique anglaise se peuploit de trois sortes 
d’habitants. hommes libres forment la pre- 
miére classe. C’est la plus nombreuse; mais jusqu’a 
présent, elle a dégénéré d’une maniére visible. Tous 
les créoles, quoiqu’habitués au climat dés le berceau, 
n'y sont pas aussi robustes au travail, aussi forts a 
la guerre que les Européens; soit que l'éducation ne 
les y ait pas préparés, ou que la nature les ait 
amollis. Sous ce ciel étranger, l’esprit s'est énervé 
comme le corps. Vif et pénétrant de bonne heure, 
il congoit promptement; mais ne résiste pas, ne 
s’accoutume pas aux longues méditations. On doit 
étre étonné que |l’Amérique n’ait pas encore produit 
un bon poéte, un habile mathématicien, un homme 
de génie dans un seul art, ou une seule science. Ils 
ont presque tous de la facilité pour tout; mais aucun 
ne marque un talent décidé pour rien. Précoce et 
miirs avant nous, ils sont bien en arriére, quand 
nous touchons au terme. Est-il possible que 
parmi les créoles élevés parmi nous, et qui tous ou 
presque tous ont de l’esprit, aucun n’ait pris un 
grand vol dans la moindre carriére; que parmi ceux 
qui sont restés dans leur pays, aucun ne se soit 
distingué par une certaine supériorité dans les talents 
qui ménent a la renommée? Est-ce une race qui 
s'est abatardie A jamais en se transplantant, se 
croisant, se mé@lant? (J/istoire Philosophique V1: 
376.) 


Les 
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This is obviously nothing but the rhetorical 
amplification of Peter Kalm’s statement on the 
“arrested development” of the people of North 
America. Raynal, or whoever may have been 
the philosopher who wrote this paragraph, 
would not have been loyal to the optimistic 
creed of the sect, if he had not expressed the 
hope that, in time a better and more enlightened 
society would emerge from the morasses of the 
New World. ‘‘Un nouvel Olympe, une Arcadie, 
une Athénes, une Gréce nouvelle, enfantera 
peut-étre dans le continent ou dans I’archipel 
qui l’environne des Homeres, des Théocrites, et 
surtout des Anacréons. Peut-étre s’élévera-t-il 
un autre Newton dans la nouvelle Bretagne? 
C'est de l’Amérique Angloise, n’en doutons pas, 
que partira le premier rayon des sciences, si 
elles doivent éclore enfin sous un ciel si long 
-tems nébuleux.”’ 

In 1774 Raynal had not yet seen any reason to 
alter materially his original statement. But, 
when he published a ten volume edition, in 1780, 
while the issue of the war was still undecided, 
while keeping without any change the parts 
dealing with the climate, the natural productions 
and the natives, he thought that the time had 
come to pay a tribute to the real achievements 
of the men who were fighting for the liberty of 
the world as well as for their independence. 
As this new version was published in England in 
1783,'° we shall give here the translation: 

The Europeans who overrun and desolate the 
globe for these three centuries past, have scattered 
colonies in most of the points of its circumference; 
and their race hath more or less degenerated every- 
where. The English settlements of North America 
appeared to have undergone a similar fate. The 
inhabitants were universally thought to be less 
robust in labour, less powerful in war, and less adap- 
ted to the arts than their ancestors. Because 
the care of clearing the lands, of purifying the air, of 
altering the climate, and of improving nature, had 
absorbed all the faculties of this people, trans- 
planted under another sky, it was concluded that 
they were degenerated, and unable to elevate their 
minds to any complicated speculations. 

In order to dispel this fatal prejudice, it became 
necessary that a Franklin should teach the philos- 
ophers of our continent the art of governing the 
thunder. It was necessary that the pupils of this 
illustrious man should throw a striking light upon 
several branches of the natural sciences. It was 
necessary that eloquence should renew, in that part 
of the New World, those strong and rapid impres- 
sions which it had made in the proudest republics 
of antiquity. It was necessary that the rights of 
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mankind, and the rights of nations should be firmly 
established there, in original writings, which will be 
the delight and the consolation of the most distant 
ages. 

Works of imagination, and of taste, will soon 
follow those of reasoning and observations. New 
England will soon, perhaps, be able to quote its 
Homer, its Theocritus, and its Sophocles. Neither 
assistance, nor masters, nor models, are now wanting. 
Education is diffused, and improves daily. There 
are in proportion, more persons well brought up, 
and they have more leisure for prosecuting the bent 
of their genius, than men have in Europe, where the 
education, even of youth, is often contrary to the 
progress and to the unfolding of genius and reason. 


(Book XVIII, vol. VII: 407.) 


Once again, it is easy to perceive if not the 
hand, at least the influence of Benjamin Franklin 
in this complete reversal of opinion; but once 
again the denial failed to correct the impression 
made by the first report. Moreover, it must be 
recognized that it requires more than ordinary 
perspicacity to find one’s way through this maze 
of contradictions, and to ascertain what may 
have been Raynal’s final judgment on America’s 
population. In the 1770 edition (VI: 387) he 
had recognized without giving the source of his 
information that ‘‘the reason for the extra- 


ordinary growth of the population will be found 
in the climate of the colonies and experience has 


shown that the population doubled every 
twenty years’’; then followed a long develop- 
ment on the number of early marriages in the 
colonies. In the edition of 1773 Raynal gave 
his authority and introduced his remarks with 
the following sentence: ‘‘Les réflexions de M. 
Franklin rendront cette vérité sensible. Le 
peuple, dit ce Philosophe s’accroit. ...” Yet, 
even at the time when Raynal declared himself 
most enthusiastically for the ‘Insurgents,’ in a 
pamphlet entitled Révolution de Il’ Amérique 
(Paris, 1790; London, 1781), his conclusion was 
that, “One could not determine without a great 
deal of temerity the size of the future population 
of the United States. Such calculations are 
always difficult; they become impossible when 
one deals with a region where the soil deteriorates 
rapidly. If ten million men ever find their 
subsistence in these provinces, it will be a 
maximum.”’"* The most that can be said for 
Raynal’s sincerity is that he was quite puzzled 
himself by the mass of conflicting information 
with which the public was already flooded. It 
was probably in an honest effort to throw some 
light on this chaos that, as he was publishing his 
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pamphlet, he established a prize to be granted 
by the Academy of Lyons to the author of the 
best memoir on the following subject: ‘‘Whether 
the discovery of America has been useful or 
harmful to mankind; If some benefits have 
resulted from the discovery what are the means 
to maintain and increase them; If evils have re- 
sulted what are the means to remedy them?” 

To add to the confusion, the theories of Buffon, 
Kalm, de Pauw, and Raynal were summed up 
and presented to the British public at the begin- 
ning of the war of Independence. William 
Robertson published in 1777 his too famous 
History of America which, although dealing 
mainly with the Spanish and Portuguese colonies, 
contained a chapter treating of the general 
conditions prevailing in the New World. He 
boasted of an elaborate documentation and 
quoted as his authorities ‘‘Hennepin, Rochefort, 
Ramusio, Coreal, Lozano, Falkner, Cataneo, 
Muratori, Chamvalon, Du Tertre, Venegas, and 
Ribas” (VI: 295). In fact, he faithfully and 
even slavishly followed his French predecessors 
and at least should be given credit for giving a 
good résumé of arguments with which we are 
already familiar. As with Buffon, Kalm, de 
Pauw, and Raynal, his chief purpose was not so 
much to find the facts as to vindicate society and 
progress against the attacks of the ‘‘primitivists.”’ 
The picture of the New World he presented was 
far from engaging. 

His first point was that in the New World cold 
predominates, that even in “those parts of 
America which lie in the same parallel with 
provinces of Asia and Africa, blessed with a 
uniform enjoyment of such genial warmth as is 
most friendly to life and vegetation, the domin- 
ion of cold continues to be felt, and winter 
reigns, though during a short period, with ex- 
treme severity.’’ On the whole the land was poor 
and unimproved by cultivation: ‘‘as we advance 
towards the North, prodigious marshes over- 
spread the plains, and few marks appear of 
human activity in any attempt to cultivate or 
embellish the earth. No wonder that the 
colonists sent from Eurepe were astonished at 
their first contact with the New World. It 
appeared to them waste, solitary, and uninviting. 
When the English began to settle in America, 
they termed the countries of which they took 
possession, The Wilderness.’’ The uncultivated 
state of the New World had affected not only 
the temperature of the air, but the qualities of 
its productions: ‘‘The principle of life seems to 
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have been less active and vigourous there, than 
in the ancient continent... .’’ This is an 
occasion for Robertson to borrow extensively 
and verbatim from Buffon’s discourses on the 
animals of the New World and after him to 
assert that “the animals originally belonging to 
this quarter of the globe appear to be of an 
inferior race," while the same “qualities in the 
climate of America which stinted the growth and 
enfeebled the spirit of its native animals, have 
proved pernicious to such as have migrated into 
it voluntarily from the other continent, or have 
been transported thither by the Europeans.” 
The same reasons account for the extraordinary 
growth and propagation of reptiles and insects 
and other pests which ‘‘darken the air and cover 
the ground.”’ With Buffon and de Pauw, he 
insists upon the universal ‘‘feebleness of con- 
stitution”’ among the natives, their degradation, 
diminution of their vigour and indifference’”’ to 
the force of the first instinct of nature. However 


he makes a pretense of adding to his predecessors 
by calling attention to the fact that in addition 
to the climate there are some “‘political and moral 
causes which ought not to have been overlooked 
and he admits that ‘‘the harsh and unjudicious 
treatment of horses and horned cattle’’ by the 


colonists in North America may account for the 
degeneracy of breed in these animals. (Robert- 
son’s Works V1: 257-298, London, 1824.) 

The war prevented Robertson from extending 
his studies to the British” colonies of North 
America. It is very unlikely that he would 
have been as severe towards the British colonists 
as we were towards the Creoles of South America 
who were debased ‘“‘by the enervating influence 
of a sultry climate, by the rigour of a jealous 
government and by the despair of attaining that 
distinction to which mankind naturally aspire.”’ 
(Works VI11: 94.) But in his case, as in the case 
of his continental contemporaries, it is obvious 
that his views on the population of America 
were colored by philosophical prejudices and 
preoccupations. Their eagerness to defend the 
cause of progress and European civilization, the 
failure and shortcomings of the colonial enter- 
prises of the French and Spanish peoples, the 
lack of reliable information on the British 
colonies of North America, led them to over- 
emphasize the undesirable features of the soil 
and climate of the New World and to question 
the soundness and permanency of the social and 
political structure erected by the British colo- 
nists. Such misgivings and doubts were en- 
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tertained, not only by many of the literati in 
France, but also by men close to the government, 
on the eve of the American Revolution. They 
were still prevailing in Paris when Franklin 
arrived as a special envoy from Congress. To 
him as to his fellow countrymen these were not 
simply ‘philosophical’? problems, but matters 
of vital importance. The time had come to 
present to the European public the American 
side of the question. 


Ill. THE ANSWER OF THE 
AMERICAN ENVOYS 

Long before the American Revolution, Dr. 
Franklin’s attention had been attracted by the 
problem of population. His Observations con- 
cerning the Increase of Mankind, peopling of 
Countries, etc., published for the first time in 
Boston, in the year 1755, are supposed to have 
been written in 1751 and perhaps somewhat 
earlier. There is a bare possibility that he was 
incited to write his essay because of the queries 
that Peter Kalm may have addressed to him 
during his stay in America; he may or he may 
not also have heard of the publication of Buffon’s 
treatise On Man which dealt extensively with the 
question and contained many tables of vital 
statistics. It is equally possible that he con- 
sulted only English sources since the subject 
had been discussed many times before the Royal 
Society, although the Observations refer to the 
populations of Sweden and France among other 
countries. Whatever may be the case, and 
despite his fondness for hypotheses, he was not 
the man to indulge in wild speculations when 
he was confronted with undeniable facts, and 
the fact was that the population of America 
increased at an extraordinary rate while the 
population of the “‘full-settled old Countries”’ 
of Europe increased very slowly or remained 
stationary. Obviously the “Tables of the Pro- 
portion of Marriages to Births, of Deaths to 
Births, of Marriages to the Number of Inhabit- 
ants, &c.’”’ which had been published in Europe 
did not apply in America.” 

It was clear to Franklin that, ‘People increase 
in Proportion to the Number of Marriages, and 
that is greater in Proportion to the Ease and 
Convenience of supporting a Family. When 
Families can be easily supported, more Persons 
marry, and earlier in Life.” 


Land being thus plenty, and so cheap as that a 
labouring man, that understands Husbandry, can in 
a short Time save Money enough to purchase a 
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Piece of 


whereon he 


Land sufficient for a Plantation, 
may subsist a Family, such are not 
afraid to marry; for, if they even look far enough for- 
ward to consider how their Children, when grown 
up, are to be provided for, they see that more Land 


new 


is to be had at rates equally easy, all Circumstances 
considered. 


Scarce 80,000 people had been brought over to 
America from overseas and the population was 
already ‘‘upwards of One Million English Souls 
in North America.” This population doubling 
once in 25 years, “will become larger than the 
population of England in less than a century,” 
for ‘“There is no Bound to the Prolific Nature of 
Plants or Animals, but what’ is made by their 
crowding and interfering with each other’s means 
of Subsistence.”” Thus, half a century before 
Malthus, Franklin enunciated the fundamental 
principle of the Essay on Population. But 
Franklin was not the man to be satisfied with a 
purely biological explanation of the growth of 
human society. “The great increase of Off- 


springs in particular Families is not always owing 
to the greater Fecundity of Nature, but some- 
times to Examples of Industry in the Heads, 
and industrious Education; by which the Chil- 
dren are enabled to provide better for them- 


selves, and their marrying early is encouraged 
from the Prospect of good subsistence.”’ 

That he was aware of the theories of climate 
appears in a letter written to Richard Jackson, 
from Philadelphia, May 5, 1753.'8 He had 
observed that German laborers living in 
America retained their habitual industry and 
frugality, while the English immigrants became 
less industrious as their wages increased. Yet 
they belonged to the same stock, lived under the 
same climate and enjoyed the same facilities. 
This mystery he did not undertake to explain 
and thought it better not to interfere with what 
might be ‘‘an order of God and Nature.”’ With 
striking and almost touching scientific modesty, 
the man who was already hailed in Europe as a 
new Prometheus pronounced against the 
thoughtless efforts of man to modify what we 
now call a biological equilibrium: 


Whenever we attempt to amend the scheme of 
Providence, and to interfere with the government of 
the world, we had need be very circumspect, lest we 
do more harm than good. In New England they 
once thought blackbirds useless, and mischievous to 
the corn. They made efforts to destroy them. The 
consequence was, the blackbirds were diminished; 
but a kind of worm, which devoured their grass, and 
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which the blackbirds used to feed on, increased 
prodigiously; then finding their loss in grass much 
greater than their saving in corn, they wished again 
for their blackbirds (Writings Smyth's ed., IIT: 135). 


In his attitude towards the Indians he showed 
no sentimentality. He knew them too well to 
see in them the unpolluted children of nature; 
but he would have refused to treat them as 
degenerated specimens of the human race. On 
this particular point he stands much closer to 
Montesquieu than to Buffon. It simply hap- 
pened that “in their present way of living, 
almost all of their wants are supplied by the 
spontaneous productions of nature, with the 
addition of very little labour, if hunting and fish- 
ing may indeed be called labour, where game is 
so plenty.”’ This is a tendency which is common 
not only to the Indians but to all men, and from 
that observation Franklin derived a theory of 
social progress very different from the optimism 
of the French philosophers: 


So that I am apt to imagine that close societies, 
subsisting by labour and art, arose first not from 
choice but from necessity, when numbers, being 
driven by war from their hunting grounds, were 
crowded together into narrow territories, 
which without labour could not afford them food. 
However, as matters now stand with us, care and 
industry seem absolutely necessary to our well-being 


(ibid. I11: 137). ' 


some 


He was not unaware, however, of the difficul- 
ties that had to be overcome by the first settlers 
in a wild region. He fully realized ‘‘The Hard- 
ships usually attending the settlement of New 
Countries, and the Sickness and Mortality to 
which the Settlers, unaccustomed to the Climate 
are exposed.” These considerations did not 
apply to the ‘“‘old settled Provinces, in which the 
Climate is healthy, and the Government mild 
and good, and where if anywhere, Competence 
and Happiness are within the reach of every 
honest, prudent and industrious man” (To C.W. 
F. Dumas, July 25, 1768, ibid. V: 151). 

It does not appear from any direct evidence 
that, before going to Paris, he was particularly 
disturbed by the aspersions thrown by Buffon on 
the climate of America, and he was too skillful a 
diplomat to engage in public discussions and 
controversies with the French philosophers. 
His long experience in dealing with public 
opinion had convinced him that positive affirma- 
tions are better than elaborate denials, and that 
facts spoke louder than theories. Jefferson has 
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told us how, when attending a partyw here abbé 
Raynal had ‘“‘got on his favorite theory of the 
degeneracy of animals and even of man, in 
America,”’ Franklin simply asked the French 
guests and the American guests to rise, “to see on 
which side nature has degenerated.” It hap- 
pened that his American guests were ‘Car- 
michael, Harmer, Humphreys, and others of the 
finest stature and form; while those on the other 
side were remarkably diminutive, and the Abbé 
himself, was a mere shrimp” (Writings, Memorial 
edition, XVIII: 170). 

Buffon had to be handled more cautiously. 
Dr. Franklin had every reason to hold the French 
naturalist in high esteem. It was Buffon who 
had asked Dalibard to translate into French 
Franklin’s first reports on his electrical experi- 
ments; Buffon had accepted membership in the 
American Philosophical Society and was elected 
even before the Society was regularly constituted 
and to show his appreciation he had sent to 
Franklin “in sheets,” a ‘“‘most magnificent 
present,”’ his History of Birds. Nevertheless 
Buffon was responsible for the theory which 
attributed to the climate and soil of America a 
natural weakness. The only way to answer was 


to oppose facts to ill-founded hypotheses," and 


to provide the French scientist with exact data. 

Franklin’s influence can easily be detected in 
Buffon’s Seventh and last Epoch, ‘‘Concerning 
that Period when the Powers of Man aided 
those of Nature,’ published in 1778. Con- 
trasting “wild and cultivated nature,’ Buffon 
undertook to demonstrate that man had it in 
his power to modify the climate and ‘“‘to stabilize, 
so to speak the temperature at the point he 
chooses.” This was exactly what the people of 
Pennsylvania and neighboring colonies had 
done in the short space of forty or fifty years, as 
appeared from the observations of Dr. Hughes 
Williamson, published in the first volume of the 
Transactions of the American Philosophical 
Society and translated into French by abbé 
Rozier (Journal de Physique, June, 1773). 
Everything indicated that with the progress of 
agriculture, the climate of America would be- 
come more temperate and that Pennsylvania in 
the near future would ‘“‘no longer experience the 
severity of extremely cold winters.”’ 

It had not been so easy to dispose of Buffon’s 
remarks on the excessive moisture of the air in 
the British colonies because the facts were not 
ascertainable. As early as 1753, Franklin had 
noted the imperfection of the instruments used 
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to measure the moisture of the air (To Jared 
Eliot, May 3, 1753, Writings I11: 130). It was 
not until 1780, that he was ready to prove from 
repeated observations made over a long period 
of years during his stays in England and: in 
France that in fact the air of both countries was 
‘“‘moister than the air of America.”” This was a 
scientific discovery of the first order, since it 
completely disproved one of Buffon’s funda- 
mental criticisms. But, conclusive as it seemed 
to be to Franklin, it still had to be confirmed by 
observations made in different countries and 
continued for some time (Trans. Amer. Philos. 
Soc. 0.s., 2: 51, 1786). 

Only once did he indicate that at times he was 
discouraged by the rising tide of misinformation 
about America. ‘‘The errors we see in histories 
of our times and affairs weaken our faith in 
ancient history,’ he wrote to Robert R. Livings- 
ton after receiving Thomas Paine’s refutation 
of the errors of abbé Raynal. In his quiet way 
he nevertheless kept up the good fight, seizing 
every opportunity to bring back to earth the 
overenthusiastic dreamers and the detractors 
of America. In his judgment the question was 
not even open for discussion. It was plain that, 
“the body of our people are not merchants, but 
humble husbandmen, who delight in the cultiva- 
tion of their lands, which, from the fertility and 
variety of our climates are capable of furnishing 
all the necessaries and conveniences of life with- 
out external commerce; and we have too much 
land to have the least temptation to extend our 
territory by conquest from peaceable neighbours, 
as well as too much justice to think of it’’ (To 
Charles de Weissenstein, Passy, July 1, 1778, 
Writings VII: 166). 

In his notes On Immigration, sent to an un- 
known correspondent around 1782, he reiterated 
that: “Our Country offers to Strangers nothing 
but a good Climate, fertile Soil, wholesome Air, 
Free Governments, wise Laws, Liberty, a good 
People to live among, and a hearty welcome’’ 
(tbid. 1X: 149). This was also the gist of the 
well-known Information for those who would re- 
move to America (ibid. VII1: 603), probably 
written during the same year: ‘‘From the salu- 
brity of the Air, the healthiness of the Climate, 
the plenty of good Provisions, and the Encourage- 
ments to early Marriages by the certainty of 
Subsistence in cultivating the Earth, the In- 
crease of Inhabitants by natural Generation is 
very rapid in America."’ No more had to be 
said since the population was doubling every 
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twenty years. It was enough to state the facts 
and hope that truth would finally prevail. 

Dr. Franklin's successor in Paris did not 
evidence the same philosophical reserve. It 
will be remembered that, in the early seventies, 
Jefferson on the one hand, and Dr. Madison on 
the other, had exchanged observations concern- 
ing the weather and had come to the conclusion 
that considerable differences existed in this 
respect between Monticello and Williamsburg, 
although the distance between these two spots 
was not considerable. They had further noted 
that the winds were changing in a marked man- 
ner and that sea breezes which formerly were 
felt only along the coast now reached as far in- 
land as Richmond, “thirty miles from the 
mouth of the York River.’”” The conclusion 
reached by Jefferson and communicated to 
Marquis de Chastellux, in April 1782, was that 
the main cause of these changes was ‘‘the progress 
of agriculture and population, through which the 
woods have been cleared.’ But, while Dr. 
Franklin had urged the greatest caution in inter- 
fering with natural conditions, he gave flight to 
his imagination. What the colonists had done 
in a haphazard way could and should be system- 
atized: 


The consequence is that nothing is less indifferent 
than the manner in which one proceeds in clearing 
the forests, because the salubrity of the air and even 
the regular order of the seasons may depend upon 
the facility of access which is thus given to the winds 
as well as their direction. One of the conclu- 
sions is that the scientists of this country must give 
the matter the most attentive consideration. On the 
one hand the soil is marshy and it is necessary to dry 
it, which can be accomplished only by cutting down 
the woods, on the other hand it has been proved by 
Franklin that trees absorb the miasmas from the 
marshes. It is equally dangerous to preserve a 
large quantity of the forest and to cut down a large 
quantity; so that the best way to proceed would be to 
scatter the clearings and always to leave some parcels 
of forest between the different plantations (Voyages 
de M. Le Marquis de Chastellux 11: 45, 2nd ed., Paris, 
1791). 


This was precisely the time when Jefferson, 
at the request of the French chargé d'affaires, 
Barbé-Marbois, was engaged in answering a long 
list of questions concerning Virginia and in a 
more general way the whole territory of the 


United States.2!. From the wording of the in- 
quiries, it is more than likely that the question- 
naire had been framed by the scientists of the 
Jardin du Roi. They were part of that broad 
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investigation which had been undertaken by the 
“voyageurs’”’ sent out on scientific missions to 
the remotest parts of the earth; but it was also of 
prime importance for the French government to 
determine exactly the conditions and the pros- 
pects of the country which had been described 
by Buffon and his collaborators as afflicted with 
a sort of natural blight. 

Jefferson fully understood the import of the 
queries; he applied himself to the task with the 
passionate zeal of an advocate, and devoted a 
large part of his comments to a refutation of 
Buffon’s thesis. 

He summed up as follows Buffon’s opinion: 
(1) That the animals common to both the Old 
and the New World are smaller in the latter; (2) 
that those peculiar to the New are on a smaller 
scale; (3) that those which have been domesti- 
cated in both have degenerated in America; and 
(4) that on the whole it exhibits fewer species 
(Notes on the State of Virginia, 72, London, 1787). 

He refused to discuss Buffon’s contention that 
heat is friendly and moisture adverse to the 
production and development of large quadrupeds 
on the ground that this was a doubtful hypoth- 
esis and that observations sufficient to decide: 
this question were not available. As to the first 
four points it was not a matter for theoretical 
discussion but for observations and _ facts. 
Against the tables established by Buffon and 
Daubenton, Jefferson then undertook systemat- 
ically to give the result of his own observations, 
not made from a few stuffed specimens, dry 
hides, and incomplete skeletons but from live or 
recently killed animals. He even went as far as 
to assume from the discovery of gigantic bones 
in Ohio that it was not impossible that animals 
such as the mammoth may still roam in the 
wilderness: ‘‘He may as well exist there now, as 
he did formerly where we find his bones.”’ ” 

When he came to the aspersions cast by Buffon 
upon the manhood of the American Indians he 
hardly could control his indignation; but there 
again he made an effort to answer theories by 
facts and submitted his observations to ‘‘Mr. 
Charles Thomson, secretary of Congress’’ who 
sent him an elaborate report on the physical, 
social, and intellectual characteristics of the 
Indians. Dealing with a scientist of the stature, 
repute, and influence of Monsieur le comte de 
Buffon, he had to observe a certain reserve. 
Nevertheless he could not help pointing out 
what has been recognized since as Buffon’s 
chief weakness: 





VOL. 91, NO. 1, 1947] 


I] am induced to suspect, there has been more 
eloquence than sound reasoning displayed in sup- 
port of this theory; that it is one of those cases where 
the judgment has been seduced by a glowing pen: 
and whilst I render every tribute of honor and 
esteem to the celebrated Zoologist, who has added, 
and is still adding, so many precious things to the 
treasures of science, | must doubt whether in this 
instance he has not cherished error also, by lending 
her for a moment his vivid imagination and _ be- 
witching language™ (Notes on Virginia, 107). 


With abbé Raynal the case was different. 
While Buffon had limited his remarks to the 
animals and the natives, Raynal had extended 
“the theory of the tendency of nature to belittle 
her productions on this side of the Atlantic’ to 
“the race of whites transplanted from Europe.” 
We have already alluded to Jefferson’s answer 
and to Raynal’s recantation, and Jefferson’s 
eloquent proclamation is too well known to be 
reproduced here. This was not a plea and an 
apology but a fervid declaration of faith and 
pride in the achievements of America: ‘‘The 
United States contain three millions of inhabit- 
ants: France twenty millions; and the British 
islands ten. We produce a Washington, a 
Franklin, a Rittenhouse. France then should 
have a dozen in each of these lines, and Great 
Britain half that number, equally eminent’”’ 
(Notes on Virginia, 110). 

Jefferson was remarkably reserved and objec- 
tive in his views on the climate; but he did not 
miss the opportunity to observe that ‘‘the 
extremities of heat and cold at Paris are greater 
than at Williamsburgh, which is in the hottest 
part of Virginia’ (Notes on Virginia 130, n.); 
that ‘‘heats and cold are become more moderate 
within the memory even of the middle aged”’ 
and that ‘‘perhaps it will be found there are 
twice as many cloudy days in the middle parts 
of Europe as in the United States of America.”’ 

As to the population he established tables 
tending to show that over a period of 118 years 
the population had doubled once in every 274 
years. This was indeed a “rare increase’’ which 
would give Virginia alone ‘“‘between six and seven 
million of inhabitants within 95 years’’ (Notes 
on Virginia, 137-149). This was very close to 
the rate of increase established by Dr. Franklin 
for the British colonies in America and an 
answer sufficient in itself to the aspersions cast 
by some European writers on the degeneracy of 
manhood among the American people. 

From the letters written by Jefferson after 
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arriving in Paris, we know that he considered 
that the subject had not been exhausted by the 
semi-official report on the queries of Barbé- 
Marbois. He first decided to publish the Notes 
and to distribute them to a limited number of 
friends and there are several indications in the 
Notes as printed that he added perhaps con- 
siderably to his original remarks. He was re- 
luctant to present personally a copy to Buffon 
and he asked Chastellux to deliver it for him and 
to transmit another copy to Daubenton whom 
he had not yet met. This gave him the op- 
portunity to express himself much more frankly 
than he had been able to do in the printed book 
on the detractors of America. He granted that 
“the degeneracy of the man of Europe trans- 
planted to America is no part of Monsieur de 
Buffon’s system. He goes, indeed within one 
step of it, but he stops there. The abbé Raynal 
alone has taken that step’’ (Paris, June 7, 1785, 
Writings V: 3-7). It was for Chastellux who 
had observed the American people by himself to 
to decide whether “the lower class of the people 
in America are less informed and less susceptible 
of information than the lower class in Europe; 
and whether these in America, who have re- 
ceived such an education as that country can 
give, are less improved by it than the Europeans 
of the same degree of education.”’ 

As to the natives the only respectable evidence 
on which the inferiority of genius could be 
founded was a single remark of Don Ulloa. 
Robertson, whom he had not even mentioned in his 
Notes and who had been translated into French, 
was a mere translator of the opinions of Monsieur 
de Buffon. De Pauw was treated even more 
severely: ‘‘a compiler from the works of others; 
and of the most unlucky description; for he 
seems to have read the writings of travellers, 
only to collect and republish their lies. It is 
really remarkable, that in three volumes 12mo. 
of small print, it is scarcely possible to find one 
truth.”’ Finally, Jefferson reported with evident 
satisfaction Buffon’s recent conclusions that 
“the air of London and of Paris is more humid 
than that of Philadelphia,” which created the 
suspicion that “the opinion of the superior 
humidity of America may, perhaps, have been 
too hastily adopted.’’*4 

Although the Notes on Virginia had been made 
available to a small part of the French public in 
abbé Morellet’s translation, Jefferson did not 
relent in his efforts to reestablish the facts 
against the hasty generalizations which are still 
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in circulation. He held long sessions with 
Buffon to convince him that he had been mis- 
taken in his measurement of the American 
animals and found that the French naturalist 
was “absolutely unacquainted with the elk and 
the deer.”” He was not satisfied until he suc- 
ceeded in procuring from America: “the bones 
and skin of a moose, the horns of another individ- 
ual of the same species, the horns of a caribou, 
the elk, the deer, the spiked horned buck, and 
the roebuck of America,” and with pretended 
modesty he apologized for the “‘small size of the 
specimens,’ when in fact he had asked A. Cary 
and Hopkinson to obtain the largest specimens 
available (To A. Cary, January 7, 1786; to 
Hopkinson, December 23, 1786; to Buffon, 
October 3, 1787, Writings V: 244; VI: 21). 
These were the facts. But the main fact was 
that man had been able in a short time to change 
the climate of America. Every observation 
tended to show that by clearing the forests, 
increasing the evaporation, draining the 
marshes, doing in America what had been done 
in Europe in the course of many centuries, the 
climate could be modified, so to speak, at will. 
There was no limit to the power of man as there 
was no limit to his industry. In his pride over 
the achievements of his fellow countrymen, 
Jefferson even dreamed of “conditioning” the 
climate of all the states located on the Atlantic 
seaboard at one bold stroke. Following Frank- 
lin, he had studied the course of the Gulf Stream 
and adopted the conclusion that the climate of 
the United States was to a large extent deter- 
mined by the current; a modification of the cur- 
rent would cause a corresponding change in the 
climate. What would be more simple than “to 
make an opening through the Isthmus of Pan- 
ama, a work much less difficult than some even 
of the inferior canals of France, however small 
this opening should be in the beginning, the 
tropical current entering it with all its force, 
would soon widen it sufficiently for its own 
passage, and thus complete, in a short time, that 
work which otherwise will still employ it for 


ages.”’ The consequences would be tremendous: 


vessels from Europe would not have to fight the 
current in their passage to America; the Gulf of 


‘stagnant and _ safe; 
the Coast of the United 
the fogs on the Banks 
of Newfoundland would disappear” (To Le Roy, 
Paris, Novembre 13, 1786, Writings V: 471). 
In his official quality he could not engage 


Mexico would become 
the Gulf Stream on 
States would cease: 
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publicly in any controversy with the French 
writers who continued to disseminate misin- 
formation about America. He protested how- 
ever against the article ‘‘America’’ which had 
appeared in the Encyclopédie Méthodique and 
whose “‘first two sections are taken chiefly from 
abbé Raynal.’’ He pronounced that “they are 
therefore wrong exactly in the same proportion 
the other sections are generally right.” As this 
was not enough, he announced at the same time 
that ‘‘there will be another good work, a very 
good one, published here soon, by a Mr. Mazzei, 
who has been many years a resident of Virginia, 
is well informed and possessed of a masculine 
understanding’’ (To Van Hogendorp, Paris, 
August 25, 1786, Writings V: 421). The 
Recherches Historiques et Politiques sur les 
Etats-Unis, par un Citoyen de Virginie were 
published anonymously, in Paris, only two years 
later. The main purport of the three volumes 
openly declared in the introduction was to cor- 
rect the errors of writers whose celebrity in- 
creased the danger; among those were abbé 
Raynal and abbé Mably, and the fine hand of 
Jefferson appears in many passages. Protesting 
against the purely materialistic or biological 
interpretation of the characteristics of the 
American people, Mazzei, or whoever held the 
pen at that time, maintained against Montes- 
quieu, Buffon, de Pauw, Raynal, and Mably 
that: “It is not because of the climate that the 
Americans constitute a people different from 
all the others. The difference comes not from 
physical but from moral circumstances’; for 
there never had been any other republic “‘where 
the mass of the people had been able to exert 
such an influence on the government.” There 
was no other country where access to knowledge 
was. easier and there was no country where 
internal revolutions were more unlikely, because 
there was no country where the people was in 
full possession of their rights (Recherches ||: 32). 

At this juncture John Adams felt called upon 
to put his oar in. Apparently the Defence of 
the Constitutions of Government of the United 
States of America, begun in 1786, and printed in 
London in 1787, was written in answer to a 
letter addressed in 1778 by Turgot to Dr. Price. 
In fact it was an answer to all the attacks which 
had been directed by European writers against 
the unprecedented form of society and govern- 
ment which was being developed in America. 

The United States of America have exhibited, 
perhaps, the first example of governments erected 
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on the simple principles of nature... . It will 
never be pretended that any persons employed in 
that service had interviews with the gods, or were in 
any degree under the inspiration of Heaven, more 
than those at work upon ships or houses, or labouring 
in merchandise or agriculture; it will forever be 
acknowledged that these governments were con- 
trived merely by the use of reason and the senses, 
as Copley painted Chatham; West, Wolf; and 
Trumbull, Warren and Montgomery; as Dwight, 
Barlow, Trumbull and Humphries composed their 
verse, and Belknap and Ramsay history; as Godfrey 
invented his quadrant, and Rittenhouse his plane- 
tarium; as Boylston practiced inoculation, and 
Franklin electricity; as Paine exposed the mistakes 
of Raynal, and Jefferson those of Buffon, so un- 
philosophically borrowed from the despicable dreams 
of De Pau (The Life and Works of John Adams, 
Boston, 1851, IV: 292). 


This last statement was not entirely fair to 
Buffon, since de Pauw was the borrower, but the 
whole passage is none the less significant as it 
indicates that, in his turn, Adams had borrowed 
some of his examples from Jefferson’s Notes on 
Virginia and was familiar with the book of his 
colleague. So intent was he to make the point 
clear that in the conclusion to the third volume, 
written a year later, he protested against all the 
interpretations which deprived man of his entire 
responsibility or credit for social or political 
institutions. Without mentioning Buffon, Ray- 
nal, and de Pauw by name, he made clear his in- 
tent as well as his impatience with their theories, 
when he exclaimed: 


The world has been too long abused with notions, 
that climate and soil decide the characters and 
political institutions of nations. The laws of Solon 
and the despotism of Mahomet have, at different 
times, prevailed at Athens; consuls, emperors, and 
pontiffs have ruled at Rome. Can there be desired 
a stronger proof, that policy and education are able 
to triumph over every disadvantage of climate? 
(Works VI: 219). 


Thus he was able “‘to bring this work to a con- 
clusion with unexpected dignity.’”’ The best 
answer to all the aspersions and insinuations 
directed against the people of the United States 
lay in the ‘Report of the Convention at Phila- 
delphia, of the seventeenth of September, 1878, 

” since “the conception of such an idea, and 
the deliberate union of so great and various a 
people in such a plan, is, without all partiality 
of prejudice, if not the greatest exertion of human 
understanding, the greatest single effort of na- 
tional deliberation that the world has ever seen.”’ 
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The American envoys had done their work 
well, and they had every reason to believe that 
the debate started half a century earlier had 
come to a close. We shall see later that it was 
revived again under a more subtle and perhaps 
more permanent form. 


IV. THE ANSWER OF THE “AMERICAN 
PHILOSOPHERS” 

While the controversy was going on in Europe 
the American scientists and natural philoso- 
phers had not remained idle. They did not need 
the incitement provided by the injurious theories 
of Buffon, Raynal, and de Pauw; to them it was 
a vital problem and not a matter for theoretical 
discussion. They were confronted with climac- 
teric conditions, blights, pests, and diseases with 
which they had to live and which in some manner 
had to be remedied and corrected, if they wanted 
to survive. Somewhat to their surprise they 
had observed that through the colonies the 
climate had undergone a considerable change; 
that even in New England winters were less 
severe; that despite recurrent epidemics like the 
vellow fever general health had become better. 
This progress was marked well enough for Dr. 
Hugh Williamson to present to the Philosophical 
Society, as early as August 17, 1770, a paper 
entitled “‘An Attempt to account for the Change 
of Climate which has been observed in the Middle 
Colonies of North America.” For Williamson 
there was no doubt: the change was due to the 
more intense cultivation of country, and more 
changes were to be expected. Man had really 
mastered the climate and made the wilderness 
inhabitable. 

The members of the Philosophical Society 
would have been disloyal to their scientific 
creed if they had been satisfied with a commonly 
accepted popular observation, even if that 
observation was endorsed and confirmed by one 
of their members. But in the ensuing years 
many papers on the same subject appeared in 
the Transactions. Rev. Samuel Williams com- 
municated to the Society his “‘Experiments on 
Evaporation and Meteorological Observations,”’ 
made at Bradford in New England, in 1772 and 
extending into 1773, while Andrew Oliver sent, 
in January 1774, “A Theory of Lightning and 
Thunder Storms’ and another paper on the 
“Theory of Water Spouts.’”’ In the meantime, 
Dr. J. Madison pursued his scientific investiga- 
tion of the climate at Williamsburg. Refusing 
to let the war interfere with his scientific re- 
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search, from July 1, 1777, to August 17 of the 
following year, he read his thermometer three 
times a day, noted the height of the mercury in 
his barometer, the direction of the winds, the 
condition of the sky, and studied the effect of 
the temperature on the human body. In a 
letter sent to David Rittenhouse, and dated from 
William and Mary College, November, 1779, he 
recalled that Benjamin Franklin was probably 
the first to have noted “that even when the 
temperature of the atmosphere rose above the 
temperature of the body, a living body, by con- 
tinual sweating and by the evaporation of that 
sweat was kept cold.’ This meant that as 
1750 Franklin had discovered that 
power which the human as well as all animal 
bodies have, of counteracting the heat of an 
atmosphere in which they are placed. 

The authority of Dr. Franklin was again 
mentioned in the important paper read before 
the Society, on December 16, 1785, by Benjamin 
Rush. It was entitled “An Enquiry into the 
Cause of the Increase of Bilious and Intermitting 
Fever in Pennsylvania, with Hints for prevent- 
ing them,’ and established a most important 
distinction between clearing and cultivating a 
country. While clearings were generally marked 
by a recrudescence of fevers, cultivating the land 
and draining the marshes as well as planting 
trees around the mill ponds would ultimately 
extirpate intermitting and bilious fevers from 
our country. 

Dr. Rush followed up his theory in his Account 
of the climate of Pennsylvania and its influence 
upon the human body, published in the American 
Museum for June 1790. He admitted that the 
character of the climate was that ‘‘there are no 
two successive years alike. Even the same suc- 
cessive seasons and months differ from each 
other each year. Perhaps there is but one 
steady trait in the character of our climate, and 
that is, it is uniformly variable’ (American 
Museum 4: 334). He further acknowledged 
that ‘‘the same state of the atmosphere, whether 
cold or warm, moist or dry, continued for a long 
time without any material change, is always 
healthy,”’ which seemed an utter condemnation 
of the climate of Philadelphia. His conclusion, 
however, proclaimed that gospel of resistance to 
the climate and surroundings which is one of the 
pillars of Americanism : 


early as 


Perhaps no climate or country is unhealthy, 
where men acquire from experience, or tradition, the 
arts of accommodating themselves to it. Those 
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inhabitants of Pennsylvania, who have acquired the 
arts of conforming to the changes and extremes of 
our weather, in dress, diet, and manners escape most 
of those acute diseases which are occasioned by the 
sensible qualities of the air; and faithful enquiries 
and observations have proved that they attain to as 
great ages as the same number in other countries. 


In consequence, the study of the climate was 
not solely an occupation for men of leisure and a 
scientific ‘“‘divertissement,’’ but a question of 
prime importance, and so it was stated at the 
head of the third volume of the Transactions in 
the “Essay on those inquiries in Natural Philoso- 
phy, which at present are most beneficial to the 
United States of America,” written by ‘‘Nicholas 
Collin, Rector of the Swedish Churches in 
Pennsylvania” (1793). Collin held no brief for 
the climate and admitted that ‘The irregularity 
of our seasons is a great impediment in the busi- 
ness of social life.’’ But he also proclaimed that 
‘the sudden alterations of cold and heat through- 
out the year, would often be less injurious to 
health by foreseeing them.”’ The art of prog- 
nosticating changes in the atmosphere had been 
cultivated with such assiduity in Europe, that 
‘the series of observations will gradually form a 
system, that may at least, unite probable con- 
jectures with much certain knowledge.’ The 
United States had lagged far behind, but the 
duty of the American scientist was clear; it was 
to discover under this apparent disorder in the 
succession of the seasons, the natural Jaws and 
fixed principles which determine their revolution. 
Even a rapid survey of the two ensuing volumes 
of the Transactions would show that Collin’s 
appeal was heard. Volume IV, published in 
1799, contains no less than six papers dealing 
with the climate, including a most important 
communication of Thomas Wright on “Drying 
up the marshes of the maritime parts of North 
America.’ Volume V, published in 1802, shows 
an interesting extension of the territory under 
observation, with a paper of Andrew Ellicott on 
‘Astronomical and Thermometrical observations 
at the Confluence of Ohio and Mississippi.” 
Volume VI, published in 1806, printed the 
“Meteorological observations for the entire 
vear, ending the first of January 1800,” made by 
William Dunbar at the Forest (Mississippi). 
The American scientists were marching westward 
with the pioneers and sometimes ahead of them. 

Although the total effect of these observations 
may have been to contradict Buffon’s theory 
and may have been initiated under the combined 


VOL. 91, NO. 1, 1947] 


influence of Benjamin Franklin and Jefferson, 
none of the observers had any thesis or hypoth- 
esis to defend. It was only comparatively late, 
that the American Philosophical Society took 
official cognizance of the theories of the European 
writers, and published a detailed and systematic 
refutation of the aspersions cast upon the climate 
of the United States and the vitality of its 
inhabitants. 

It appeared in the second volume of the 
Transactions under the unassuming title of 
“Observations on the probabilities of the Dura- 
tion of Human Life, and the Progress of Popula- 
tion, in the United States of America; in a 
Letter from William Barton Esq. to David 
Rittenhouse, L.L.D. President, A.P.S.’’ More 
than a letter, it was a treatise which may have 
been presented by title to the Society but 
certainly was not, ‘‘read March 18, 1791,” in its 
entirety. Using all the European and American 
statistical tables he had been able to procure, 
quoting all the authorities available including 
Buffon, Dr. Price, Zimmermann, Condorcet, 
Du Séjour, Halley, and many others, William 
Barton upheld his thesis that ‘“‘by comparing the 
results, with similar estimates made for some 
European countries—the advantages on the side 


of the United States will be readily discerned.” 
Not only was it certain that the European 
writers yielding to their prejudices had considered 


the subject in the most superficial manner, 
but it was patent that ‘this country possesses, 
in a superior degree, an inherent radical and 
lasting source of national vigor and greatness.” 

This was amply proved by the fact that ‘‘in 
no other part of the world is the progress of 
population so rapid as in these states.”” And 
this increase, according to Barton, arose ‘from 
the salubrity of the climate; the great fruitfulness 
and resources of the country; the consequent 
facility of acquiring the means of comfortable 
subsistence, which aided by the benign influence 
of our government, produces early marriages— 
and lastly, from the virtuous and simple man- 
ners of the great body of our inhabitants.” 

When it came to the presentation of the evi- 
dence, Barton had to admit that he could produce 
only incomplete and imperfect data. His Amer- 
ican statistical tables dealt only with Philadel- 
phia and Salem and even for these cities which 
had not been chosen at random the statistics 
were exceedingly unreliable. Nevertheless, he 
demonstrated, or rather ‘‘deduced”’ to his satis- 
faction that ‘“‘the probabilities of life, im all its 
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stages, from its commencement to. the utmost 
possible verge of its duration, are higher in these 
United States, than in such European countries, 
as are esteemed the most favorable to life. And, 
if this position is well founded, it follows that the 
bodily constitutions of the American people are 
proportionally healthful. For, although it may 
be deemed problematical by some, whether an 
extraordinary degree of vigor, in the system of 
the human body, affords a greater probability 
of attaining to extreme old age, than caeteris 
paribus, is annexed to a more delicate frame, yet 
it will not admit of a doubt, that a great -propor- 
tion of vital energy and strength must necessarily 
exist, where the probabilities of life are high 
throughout all its periods—from the birth, until 
the usual term of its duration be completed.” 

This was a direct answer to Buffon, de Pauw, 
and Raynal. It remained only to vindicate the 
climate against the criticism not only of the 
European writers but also of some American 
writers, who, like Dr. Rush, had not concealed 
that the sudden changes and variations in the 
temperature were unpleasant and brought with 
them a whole trend of diseases. This is exactly 
what Barton refused to admit. He could not 
deny that the climate, ‘‘in the greater portion of 
the United States furnishes great degrees of heat 
and cold .. . but neither extremes is of long 
duration.”” Going one step further, he even 
claimed that these extremes of temperatures 
were not so detrimental to health as had been 
imagined: ‘‘The winters, in our own country 
brace and invigorate the bodies of the people; and 
the genial warmth of our summers increases the 
generative principle of animal nature; the cold is 
accompanied with a pure and elastic atmosphere ; 
and, during the continuance of the greatest 
heats, the air is frequently corrected by thunder, 
gusts and plentiful showers of refreshing rain.” 

| shall not presume to pass judgment on the 
value of William Barton’s statistics, nor shall | 
venture to give an unauthorized opinion on the 
climate of Philadelphia, and even less to choose 
between the climate of America and the climate 
of Sweden. Barton had good authority for all 
his assertions, and even if he interpreted broadly 
and generously the description of the climate of 
North Carolina he had received from Dr. Hugh 
Williamson, at least he quoted in its entirety 
Williamson’s letter which was full of reservations 
and qualifications. From a more general point 
of view, it is interesting to note that the some- 
what boastful proclamation of the author had 
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been provoked by the adverse and undoubtedly 
unfair criticism of European writers. It is one 
of the early examples of that touchiness which 
we have already encountered in Jefferson and 
which has manifested itself in so many occasions 
even in a recent past. It is against all foreign 
critics that William Barton directs his fervid 
conclusion : 


Although, in treating this subject, I have pro- 
tracted my observations to a greater length than I 
have designed, | cannot conclude without remarking, 
that the result of this investigation has afforded me 
great pleasure. Must not the mind of every Ameri- 
can citizen be impressed with gratitude, and glow 
with emotions of a virtuous pride, when he reflects 
on the blessings his country enjoys? Let him con- 
template the conditions of the United 
States, enjoying every advantage that nature can 
bestow—inhabited by more than three millions of the 
freest people on earth—possessing an extent of 
territory amply sufficient to maintain, for ages to 
come, many additional millions of free men, which 
the progression of its population is supplying, with 
wonderful celerity;—let him, also, contrast this 
situation of his country, with the condition in which 
it was found by our ancestors, scarcely two centuries 
agon—and it will be impossible for him not to 
experience in an exalted degree, these sensations 
which patriotism and benevolence ever inspire. 


present 


The same conclusion was reached a year later 
by a Philadelphia physician in a very elaborate 
and, thoroughly documented study of over 400 
pages, entitled: Historical account of the climate 
and diseases of the United States of America... 
collected principally from personal observation and 
the communications of Physicians of talents and 
experience, residing in the United States. By 
William Currie, Fellow of the College of Physi- 
cians of Philadelphia. Philadelphia, 1792. Its 
epigraph, ‘‘Nullius addictus jurare in verba magi- 
strt’’ was probably chosen as a sort of tribute to 
the American Philosophical Society, and was so 
interpreted by the members since at the meeting 
of July 20, 1792, Dr. William Currie, ‘‘author of 
a new medical publication,”’ was elected to the 
Society. Dr. Currie’s documentation was far 
more extensive than William Barton’s. Taking 
full advantage of the confraternity which unites 
all the members of the medical profession wher- 
ever they are established, he had sent queries to 
fellow physicians from Georgia to Maine, and 
thus covered practically the whole territory of the 
United States. As far as | know it is the first 
extensive medical survey of the United States 
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ever undertaken and as such it deserves the 
attention of historians of medicine.” 

Dr. Currie was obviously eager to please the 
members of the Society. He endorsed entirely 
“Mr. William Barton’s ingenious letter’’ (p. 197) 
and he quoted extensively from Dr. Foulke’s 
oration On Longevity, delivered before the 
Philosophical Society at Philadelphia (May 6, 
1791), ‘“‘to shew that the probabilities or chances 
of enjoying health, and prolonging life, is much 
greater in the city of Philadelphia and some other 
parts of the United States, than in any other 
districts of the world, containing a proportionable 
number of inhabitants”’ (p. 193). 

A terrifying list of diseases and afflictions 
might be drawn from the answers received by 
Dr. Currie, but the good physician stoutly 
maintained that the most severe of them such as 
‘the spotted pestilence, the small pox, measles, 
malignant quincy’’ were not indigenous, while 
“leprosy, yaws, elephantiasis were endemic to 
Africa.” In short, ‘‘The diseases which do occur 
are more simple and uniform; and this country 
is entirely exempt from some of the most formid- 
able and destructive which infest the other 
quarters of the globe” (p. 405). To the climate 
he applied a similar remark, for he added: ‘‘ Nor 
is North America like so many other countries, 
subject to earthquakes, the eruption of volcanoes, 
hurricanes, periodical deluges, impetuous whirl- 
winds, noxious and consuming blasts of wind, or 
withering and protracted drought” (p. 406). 

Dr. Currie had admitted at the beginning of 
his book that, ‘‘there is no country in the known 
world, so subject to sudden and violent changes 
of the weather as this,’ and even that these 
great and sudden changes might be considered 
as the principal cause of the diseases, but as 
William Barton had done, in his conclusion he 
transferred the debate to an entirely different 
ground. Neither to the climate nor to the soil 
could be attributed the weakness of the United 
States. It was well known that some other 
countries, “like Asia were blessed with the most 
delightful climate and fertile soil that imagina- 
tion can conceive.”” But what did it avail its 
inhabitants who were in subjection to the arbi- 
trary will of a capricious and despotic tyrant? 
In a somewhat lesser degree the same remark 
could apply to Europe ‘‘the seat of Learning and 
the nurse of the Arts,”’ since in Europe, Liberty, 
“the most precious gift of Heaven to man is 
scarcely known, or only enjoyed by the lucky 
and favored few, while the rest are greater 
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drudges than the beasts they own.”’ As William 
Barton had done, but much more vehemently, 
Dr. Currie addressed himself to the foreign 
critics and detractors of the United States in his 
conclusion : 


North America is the only portion of this spacious 
globe where man can live securely, and enjoy all the 
privileges to which he has a native right. 

In this enviable and favoured region there is no 
proud-usurping aristocracy—no ecclesiastical orders 
with exclusive privileges—no kings with arbitrary 
power or corrupting influence—no venal parliaments 
composed of different ranks of opulent and interested 
traders and manufacturers, to the exclusion of those 
to whom chance or fortune has been less liberal. 

Nor are the taxes or expenses of government so 
considerable as to consume the profits of honest 
industry, or ever employed to gratify the splendid 
projects of mad ambition. 

It is true none of the nervating refinements of 
luxury or dissipation are to be found here; but here 
all the necessaries of life and conveniences abound, 
and a pleasing equality and decent competence are 
every where displayed—here the dignity of the 
human species is restored, and man enjoys all the 
freedom to which he is entitled; for here is he a 
member of the government he obeys, and a framer of 
the laws by which he is governed, either in person 
or by the representatives of his own choice. 


There was nothing new in this outburst of 
nationalistic feeling, and this contrast between a 
degenerated Europe and the rising glory of the 
United States was one of the most familiar 
topics of the time. It is interesting to note 
however that one, if not the main source of this 
well-known current is to be looked for in the 
scientific or pseudo scientific controversy started 
by Buffon in the middle of the eighteenth cen- 
tury. To the controversy the American philoso- 
phers contributed facts which they tried to as- 
certain as honestly and as methodically as was 
in their power. That they were not entirely 
satisfied with the demonstration of Barton and 
Currie appeared in the ‘‘Memorial’’ addressed to 
Congress on January 17, 1800, on the occasion 
of taking the second census of the population of 
the United States. 

The first census had undoubtedly proved that 
the population of the United States was growing, 
irrespective of immigration, at an unprecedented 
rate, surpassing even the calculations of Dr. 
Franklin, since it seemed to double every twenty 
years in the old settlements, and every fifteen 
years in the back settlements. This increase in 
itself, however, was only a raw fact and a con- 
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siderable amount of additional data was neces- 
sary to account for the rapid growth of the 
population of America. Only by obtaining such 
data would it be possible to find a practical solu- 
tion to a problem which implied exceedingly 
complicated and still unknown elements. In a 
previous paper,”* | have already indicated, that 
the French traveler Volney may have communi- 
cated to members of the Society the very elabo- 
rate questionnaire which had been drawn up for 
the use of travelers and diplomatic representa- 
tives of the French Republic. However the case 
may be, the list of queries established by the 
Philosophical Society is far more elaborate and 
complete. Although it will be found in extenso 


in the Early Proceedings of the American Philoso- 
phical Society (pp. 293-294, Philadelphia, 1884), 
the document presents such a clear picture of the 
truly scientific attitude of our predecessors that 
the two main portions will be reproduced here: 
At the very beginning the ‘‘Memorial’’ stated 
the problem as it has been formulated by Buffon: 


They consider it as important to determine the 
effect of the soil and climate of the U.S., on the 
inhabitants thereof; and, for this purpose, dividing 
life into certain epochs, to ascertain the existing 
numbers within each epoch from whence may be 
calculated the ordinary duration of life in these 
United States, the chances of life of each epoch 
thereof, and the ratio of increase of their population; 
firmly believing that the results will be sensibly 
different from what is presented by the tables of 
other countries, by which we are from necessity in 
the habit of estimating the probabilities of life here. 
And they humbly suggest as proper for these pur- 
poses the intervals between the following epochs, 
viz. birth, 2, 5, 10, 16, 21 & 25 years of Age & every 
term of 5 years from thence to 100. 


This last figure had probably been suggested 
by William Barton’s ironical remark that Mr. 


Buffon’s statistical tables stopped at the age of 


ninety, probably because the number of cen- 
tenarians in Europe was almost negligible. At 
the same time, the American philosophers were 
well aware that the growth of population is not 
determined simply by physical factors but that 
social conditions are at least equally important. 
This was the object of another part of the sug- 
gested investigation: 


In order to ascertain more compleatly the causes 
which influence life & health and to furnish a curious 
and useful document of the distribution of society 
in these states and of the conditions & vocations of 
our fellow citizens, they propose that still another 
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table shall be formed specifying in different columns 
the number of free male inhabitants of all ages en- 
gaged in business under the following or such other 
descriptions as the greater wisdom of the legislature 
shall approve: viz. 1. men of the learned professions 
including lawyers, physicians, 
employed in the fine arts, teachers and 
in general. 2. merchants and traders including 
bankers, insurers, brokers and dealers of every kind. 
3. mariners. 4. handicraftsmen. 5. labourers in 
agriculture. 6. labourers of other descriptions. 7. 
domestic servants. 8. paupers. 9. 
particular calling living on their income: care being 
taken that every person be noted but once in this 
table and that under the description to which he 
properly belongs. 


clergymen, those 


scribes 


persons of no 


Finally, the ‘‘Memorial,’’ in moderate yet 
positive terms, stated the firm belief of the 
philosophers. and their stand against the Euro- 
pean critics of America: 


They flatter themselves that, from these data 
truths will result very satisfactory to our citizens, 
that under the joint influence of soil, climate & oc- 
cupation the duration of human life in this portion 
of the earth will be found at least equal to what it ts 
in any other; and that its population increases with a 
rapidity unequalled in all others. 


The question of soil and climate is so tightly 
interwoven with the development and progress 
of the United States that it would be possible and 
perhaps desirable to retrace the whole history of 
the country from that particular point of view. 
This obviously cannot be undertaken here. We 
have not even listed all the members of the 
Society who, at some time or other, expressed 
opinions on the question; Franklin’s and Jeffer- 
son’s theories have scarcely been outlined; Dr. 
Rush’s studies on the origin of diseases, and the 
many contradictory opinions of American physi- 
cians om the same subject have not even been 
mentioned. Insufficient and incomplete as these 
notes may be, they provide an insight into the 
philosophy of life of a small but very influen- 
tial group of Americans at the end of the eigh- 
teenth century. 

It is more than likely that the hasty generaliza- 
tions of Buffon, Raynal, and others contributed 
to the distrust of French theorizing and French 
philosophizing which is manifest in Adams, 
Jefferson, and even Washington. 

Che attitude of the American philosophers to- 
wards nature was entirely different from the 
attitude of the Europeans. ‘This had been fore- 
seen by Buffon, in his Treaty on Man, in 1749 
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and elaborated upon in the Epochs of Nature. 
But we are still so much influenced by European 
thinking even when studying American prob- 
lems, that this difference cannot be overem- 
phasized. To the European philosophers the 
word nature could and did only convey ideas 
connected with the friendly powers and mani- 
festations of the generous alma mater. Natural 
catastrophies, such as the Lisbon earthquake, 
were very disturbing and seemed to interfere 
with the order of the Universe, but they remained 
exceptional, rare, and limited phenomena. In 
the New World, floods, typhoons, electric storms 
were more frequent and more violent. Poison- 
ous snakes, pestiferous insects were more vicious, 
and epidemic diseases such as yellow fever re- 
curred with an alarming regularity. While in 
Europe Nature assisted man and could be 
trusted, in America Nature was still wild, un- 
reliable, and unsafe. This had been perceived 
by Montesquieu; in America it was a vital 
necessity to break or tame the wild forces of 
Nature. 

But while in Europe this domestication of 
Nature had been effected through the long 
efforts of countless generations, in America the 
same work had to be done in a very short time 
and by a handful of men. 

Few as they were, the colonists were not en- 
tirely disarmed. They brought over with them 
the knowledge that Nature could be made the 
servant of man through the development of 
science and more particularly of these branches 
of sciences which were classified as ‘‘useful 
knowledge.”’ The first duty of the American 
philosophers was not to speculate, but to increase 
and diffuse such a knowledge. The objects to 
be pursued were primarily to feed men, then to 
keep them in reasonably good health. 

In a land where labor was scarce and the work 
to be done enormous, mechanical devices had to 
be resorted to in order to do what human brawn 
would never achieve. It was with these objects 
in view that Dr. Collin drew up, in 1789, the 
Essay from which we have already quoted. One 
passage at least must be given here: 


Machines for abridging human labour are especi- 
ally desired in America, as there can be no competi- 
tion between them and the arms of industrious 
labour, while these have full employ on her extensive 
lands: which must be the case for ages. . . . Among 
important desiderata we may place these—A ma- 
chine for sowing broad-cast, so as to spread the 
grain even and in proper quantity; another for cut- 
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ting drains, and making banks on our extensive 
marsh-meadows; an apparatus for clearing new 
lands; which ought to be a compound of coulters, 
saws, axes, and screws; so that the trees may be 
pulled out of the ground, cut in convenient pieces, 
and heaped; a better instrument for reaping than the 
common sickle, such as the cradling scythe of 
Northern Europe; temporary sheds of easy and light 
construction for the preservation of the reaped 
grain in wet seasons. 


In this remarkable program which traces the 
course that the inventive genius of the American 
people was to follow, one word deserves particu- 
lar attention. It is probably the first instance 
of the word ‘‘compound”’ used in connection with 
a machine, and the “‘compound”’ that is to say, 
the machine which does not only the work of 
several men, but several different operations 
simultaneously is perhaps the most characteristic 
of all the American inventions. 

The question of food itself took a particular 
aspect in America, since the isolated farmer or 
even the isolated community could not rely on a 
more or less benevolent government, nor on the 
spontaneous productions of Nature. It was not 


out of a philosophy borrowed from the French 
physiocrats that Washington, Jefferson, and so 
many of their contemporaries insisted upon the 


agricultural character of American society. 
Long before Malthus, Benjamin Franklin and 
after him most of the American philosophers had 
observed the close relationship existing between 
the rate of population growth and the amount of 
food available. At the same time their contact 
with the Indians had made clear to them that 
agriculture was the mainstay of organized 
society. Said Timothy Matlack, in his oration 
delivered on March 16, 1780, before the Ameri- 
can Philosophical Society: 


The whole History of Mankind is one continued 
Proof of this Fact—and what is daily before our 
Eyes in the Conduct of the savage Tribes of America 
is a striking example. On the other Hand, as 
Knowledge and Virtue have dawned upon various 
Nations, they have paid greater attention to Agri- 
culture; And it is a general Rule, which has very few 
Exceptions in Favor of Trade and Commerce, that 
in Proportion to the Attention which has been given 
to Agriculture and the Respect paid to Husbandmen, 
the Bands of Civil Society have been strengthened, 
the Arts have flourished and Nations have increased 
in solid Riches. 


Agricultural productions, animals both wild 
and domestic, and to a lesser extent men are 
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influenced by the climate. Meteorology is con- 
sequently a science of prime importance. It has 
been observed in Europe that in the course of the 
centuries the climate had undergone a_ slow 
change; observations made in America tended 
to show that similar changes had taken place in 
several regions, as they were becoming more 
thickly settled and more extensively cultivated. 
Hence it appeared that these changes were due 
not to natural causes but to the work of man. 
What the Europeans had done unwittingly could 
probably be done scientifically, almost at will 
and on a much larger scale in the New World. 
It was certain that at the same time health con- 
ditions in the country would be modified. But 
man had also shown that the influence of the 
climate on his organism is much more limited 
than had been thought by the European philoso- 
phers. He was probably the only living being 
that could accommodate itself to almost any 
climate and wage a_ successful fight against 
natural conditions. 

When all the known data had been taken into 
consideration, itappeared that human society was 
not the product of the soil and climate but was 
the work of man, and this was particularly true 
of American society. ‘‘In the works of Almighty 
power and infinite wisdom, as Dr. Collin had 
said, there can be no chance,’ and the laws of 
nature were established by the Creator; but 
they cannot be discovered without ‘curiosity 
roused by facts’? and the use of human intelli- 
gence and industry. Our predecessors did not 
even dream of a possible conflict between science 
and society, since knowledge was the strongest 
foundation of society. There again, the inhabit- 
ants of America felt that they were masters of 
their destiny. While the Europeans had to live 
and die in narrow spots of land long settled by 
their ancestors, Americans would have to build 
many new towns and villages with the increasing 
population of the country and ‘‘their situation 
and form should be chosen with a view to 
permanent circumstances’: a sure supply of 
water was one of the great objects; health and 
convenience require “several open squares, wide 
streets, and a direction of them calculated for 
shelter in the winter, and for shade and ventila- 
tion in the fervent summer months."’ Knowl- 
edge of meteorology and astronomical observa- 
tions, of the rivers, the forests and the plants 
would then, in advance, enable them ‘‘to deter- 
mine the latitude and longitude of those places, 
which are most essential to the figure of the whole 
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country, or to the situation of certain parts in a 
political and oeconomical view” (Trans. Amer. 
Philos. Soc., o.s., 3: XV, 1793). 
use of scientific knowledge, Americans would 
literally become the makers of their country. 

Such was the faith and the high expectations 
of our predecessors, and such particularly was, 
at the end of the eighteenth century, the faith 
of Thomas Jefferson who had succeeded Ritten- 
house as President of the American Philosophical 
Society. If in some degree it coincided with 
what has been called “eighteenth century optim- 
ism,”’ it was established on an entirely different 
foundation. It did not rest on theory and 
philosophical speculations, however exalted they 
might be, but on observation and actual achieve- 
ments effected through “back breaking”’ work, 
under ‘heart breaking”’ circumstances. It 
would seem that the detractors of America should 
have been silenced and Buffon’s theories buried 
in oblivion. But facts are not sufficient to 
silence error; the theory of America’s funda- 
mental weakness was to reappear under another 
form during the nineteenth century. 


THE MODERN FORM OF THE CONTROVERSY 


In his book entitled A View of the Soil and 
Climate of the United States of America, published 
in Paris in 1803, and in Philadelphia in 1804, the 
French traveler and philosopher Volney gave 
the most complete picture of the physical condi- 
tions of the country which had yet been under- 
taken.” It was also his intention, which he 
never put into effect, to write a second volume in 
which, after laying this suitable foundation, he 
proposed: “agreeably to the most natural and 
instructive method, to consider the numbers of 
the people, their diffusion over the surface of 
their territory, their distribution into classes and 
professions, their manners as influenced by their 
actual situation, and by the habits and prejudices 
derived from their ancestors." He had stayed 
in America during the great quarrel between the 
Federalists and the Republicans. He had been 
vehemently attacked in the press and in several 
pamphlets, and had left hurriedly the country 
when he thought that his safety was threatened 
by the provisions of the Alien Bill. For the 
American government he held no brief, and 
deemed that the characters and principles of the 
leaders had deplorably degenerated. But, al- 


though he never published the second part he 
had promised, in his introduction to the first 
part he makes some remarks which deserve 
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attention. He had been struck by the fact that 
many of the defects the Americans themselves 
recognized in the organization of their society 
were attributed by many “‘to the youth of their 
nation,”’ and he wondered whether this youth was 
not “more strongly indicated by their lively and 
ambitious hopes, than by their actual weakness,”’ 
and he proposed to detect the “error of those who 
represent, as a sort of new-born race, as an infant 
nation, a mere medley of adventurers from all 
parts of Europe, but especially from the three 
British Kingdoms.’ [t may be noted here that 
the French text was less severe and more 
picturesque for Volney had written: ‘“‘Remontant 
a cette origine par l'histoire, le langage, les lois, 
les usages, je faisais sentir l’erreur romanesque 
des écrivains qui appellent un peuple neuf et 
vierge, une réunion @habitants de la vieille 
Europe, Allemands, Hollandais et surtout An- 
glais des trois royaumes.”’ 
Thus at a time when no traveler and philoso- 
pher could any longer question the possibility 
for the United States to develop a rapidly grow- 
ing population, the old accusation of weakness 
was revived. America now was not taxed of 
degenerescence, but of immaturity and the in- 
habitants themselves, forgetful of their own 
achievements and of the originality of their 
Civilization, were apparently partly responsible 
for this new departure.’ It would take several 
detailed studies to follow the fortune of this 
particular aspect of Buffon’s hypothesis. It re- 
appears through the nineteenth century in the 
relations of many travelers, and it is not certain 
that it has entirely disappeared. It will suffice 
here to indicate that it is the essence and sub- 
stance of Hegel's indictment of America. When, 
in his “Introduction” to The Philosophy of 
History, he undertook to demonstrate that only 
under temperate climates can civilization de- 
velop, because in other climates “cold and heat 
are too powerful to allow Spirit to build up a 
world for itself,’ he placed automatically North 
America in the class of the countries where men 
“are constantly impelled to direct attention to 
nature, to the glowing rays of the sun, and to the 
icy frost.” But the chief weakness of America 
lay in its youth: “America has always shown it- 
self physically and psychicaily powerless. 
This inherent weakness manifested itself princi- 
pally among the natives, and on this particular 
point Hegel simply repeated the old stories of 
de Pauw. He admitted that in ‘North Amer- 
ica, we witness a prosperous state of things; an 
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increase of industry and population, civil order 
and firm freedom.’ Granting that, under the 
pressure of necessity, the European immigrants 
have succeeded in establishing some sort of 
apparent unity, the fact remained that ‘“‘the 
general object of the existence of this State is 
not yet fixed and determined, and the necessity 
for a firm combination does not yet exist; for a 
real State and a real Government arise only after 
a distinction of classes has arisen, when wealth 
and poverty become extreme, and when such a 
condition of things presents itself that a large 
portion of the people can no longer satisfy its 
necessities in the way in which it has been ac- 
customed to do so.” 

No conception of society and _ civilization 
could be more remote from the program of 
Americanism such as it had been formulated in 
part and among others by the American philoso- 
phers. When in conclusion Hegel dismissed the 
New World and ‘“‘the dreams to which it may give 
rise,’’ maintaining that America being essentially 
the Land of the Future had no place in a work 
concerned ‘“‘with that which has been and that 
which is,’ he simply demonstrated that he had 
failed to realize the extraordinary value of the 
American experiment. He failed particularly to 
see that he could have observed, in vivo, in a 
single country and in the short space of scarcely 
two centuries, the successive phases of the evolu- 
tion of human society described in his ‘‘Classi- 
fication of historic data.” 

To a certain extent, the shortcomings of 
Hegel’s theory may be accounted for by the fact 
that he accepted without sufficient verification 
the hasty observations of hurried travelers and 
the no less hasty generalizations of philosophers 
and scientists of repute. We may venture to 
suggest that this is a striking demonstration of 
the danger of applying insufficiently verified 
scientific theories to human society and human 
behavior. This brief survey may also serve to 
demonstrate that truth is often unable to pre- 
vail against the protean forms assumed by an 
original error. The theme of the inherent weak- 
ness of American civilization reappears as a 
lurking doubt throughout the nineteenth cen- 
tury even in such writers as Tocqueville. It 
constitutes a phase of the age-long conflict be- 
tween ‘‘youth” and tradition, and as such has 
attracted the attention of the students of the 
history of civilization in Europe. 

It is more puzzling to observe that many 
Americans came to accept without much protest 
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the idea that they were a “‘young people,”’ and 
sometimes even to insist upon their relative im- 
maturity. A recent instance may serve here 
as an illustration of a state of mind often en- 
countered even in America. When, in 1927, the 
French economist André Siegfried published an 
analysis of American society under the title of 
Les Etats-Unis d’aujourd’hui, it immediately 
appeared in America as America comes of Age, 
as if the country had awaited the First World 
War to reach maturity and full stature. The 
least that can be said here is that our predeces- 
sors never experienced such “‘complex of in- 
feriority’’ or immaturity. 

At the end of the eighteenth century America 
was already in a position to send food to Europe, 
and Jefferson was no little proud of the fact that 
he had been able to bring American wheat to 
Paris in order to supply bread to a famished 
populace.” There was apparently no limit to 
the growth of the population, because there was 
no foreseeable limit to the territory which ulti- 
mately could be put under cultivation. Ameri- 
cans of that time were not conscious that they 
had failed to develop “spirit’’ in the Hegelian 
sense. They knew that they had accomplished 
a gigantic task which had taken more than two 
thousand years for the peoples of Europe to 
carry out. They were too well aware of the 
extraordinary efforts and_ sacrifices, even of 
human life, that this conquest had required to 
suspect that, one day, they might be accused of 
building a materialistic civilization, since one of 
their main pursuits was to tame the wild forces 
of nature and to “humanize” the wilderness. <A 
large part of early American history centers 
around the struggle against natural conditions, 
the climate, the soil, and the diseases of a land 
not yet ready for human occupancy, with the 
result that Americans built at first an agricul- 
tural civilization, a society in which agriculture 
and husbandry held the first place.*® Some 
thirty years ago, William James wrote a pamphlet 
on the moral equivalent of war, proposing work 
and the development of natural resources as an 
outlet for whatever pugnacity may still exist 
in ‘‘civilized”’ man; his was essentially an Ameri- 
can doctrine and the modern philosopher, per- 
haps unknowingly, remained in the tradition of 
the founders of the country. In this respect, as 
in many others, America differs fundamentally 
from the older European nations. It has often 
been advanced that nationalism in Europe grew 
as a protest against existing boundaries, in con- 
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formity with some political, ethnographic, or 
economic demand, or as the manifestation of a 
resistance against a potential or actual invader. 
If this theory is correct, it must be recognized 
that American nationalism arose under entirely 
different auspices. 

The American people had waged a fight not 
against any external enemy but against the 
forces of nature ever ready to recover the land 
reclaimed from the wilderness. Their civiliza- 
tion had developed not in time but in space, as 
an army on the march in an enemy territory. 
This had already been perceived by Benjamin 
Rush as early as 1790; but the final expression 
of that early conception of the march of civiliza- 
tion in America was given by Thomas Jefferson 
on the eve of the industrial era: 


Let the philosophic observer commence a journey 
from the savages of the Rocky Mountains, east- 
wardly towards our seacoast. These he would ob- 
serve in the earliest stage of association, living under 
no law but that of nature, subsisting and covering 
themselves with the flesh and skins of wild beasts. 
He would next find those on our frontiers, in the 
pastoral state, raising domestic animals to supply 
the defects of hunting. Then succeed our own semi- 
barbarous citizens the pioneers of the advance of 
civilization, and so in his progress he would meet the 
gradual shades of improving man until he would 
reach his, as yet, most improved state in our seaport 
This, in facet, is equivalent to a survey, in 
time, of the progress of man from the infancy of 
creation to the present day. I am eighty-one years 
of age, born where I now live, in the first range of 
mountains in the interior of our country. And | 
have observed this march of civilization advancing 
from the sea-coast, passing over us like a cloud of 
light, increasing our knowledge and improving our 
condition, insomuch as that we are at this time more 
advanced here than the seaports were when I was a 
And where this progress will stop no one can 
say. Barbarism has, in the meantime, been receding 
before the steady step of amelioration, and will in 
time, | trust, disappear from theearth. (To William 
Ludlow, Monticello, September 6, 1824, Writings, 
XVI, 75.) 


towns. 


boy . 


that American nationalism rests 


Granting 
upon an undeniable loyalty to a certain ideal of 


freedom and individualism, the fact remains 
that, even before that ideal had been formulated, 
the colonists and their descendents were brought 
together by the necessity of doing in common a 
task that no individual could undertake to carry 
out successfully. It is because they soon realized 
the futility of isolated efforts that they developed 
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that sense of social obligation and social responsi- 
bility which is one of the most striking features 
of American civilization. In that sense at least, 
the type of society which was formed in the 
United States may be considered as being the 
indirect result of the influence of the soil and 
climate, not because the colonists yielded pas- 
sively to the climate, but because of their 
obstinate refusal to accept natural conditions as 
they found them, and because of their staunch 
determination to be the masters and not the 


servants of nature. 
NOTES 

'‘ Among the latest publications reflecting this tendency 
see particularly: Michael Krauss, America and the Utopian 
ideal in the eighteenth century, Miss. Valley Hist. Rev. 
12 (4): 487-505, March, 1936; Fulmer Mood, The English 
geographers and the Anglo-American frontier in the seven- 
teenth century, Univ. of Calif. Publ. in Geography 6 (9): 
363-396, 1944; Howard Mumford Jones, The colonial 
impulse. An analysis of the “‘promotion”’ literature of 
colonization, Proc. Amer. Philos. Soc. 90 (2): 131-161, 
May, 1946. 

It would be impossible to give even a succinct bibliog- 
raphy on the subject of population. Only a few works 
dealing more directly with the topic under consideration 
will be listed here. A very readable summary of the effect 
of the climate on population and health will be found in 
André Missenard, L’Homme et le Climat. Préface du Dr. 
Alexis Carrel, Paris 1937. As ‘‘rapporteur de l’Organisa- 
tion d’Hygiéne de la Société des Nations,”’ the author had 
at his disposal and made use of a considerable documenta- 
tion. The following studies contain incidental information 
bearing on our subject: Harry Hayden Clark, The influ- 
ence of science on American ideas, from 1775 to 1809, 
Trans. Wisconsin Acad. of Sciences, Arts and Letters 35: 
205-349, 1944; Symposium on characteristics of American 
culture and its place in general culture, Proc. Amer. Philos. 
Soc. 83 (4), September, 1940; Symposia on present day 
social and economic aspects of national health of the 
American people, and UNESCO and American participa- 
tion in its activities, Proc. Amer. Philos. Soc. 90 (4), 
September, 1946 (see particularly the article by Richard H. 
Shryock, The health of the American people. An histori- 
cal survey, pp. 251-259). 

More specific will be found the article of Henry Ward 
Church, Corneille de Pauw, and the controversy over 
his Recherches Philosophiques sur les Américains, Publ. 
Mod. Lang. Assn. America 51 (1): 178-207, March, 1936. 
It contains refutations of de Pauw by different authors 
who could not be mentioned in this paper. A more gen- 
eral treatment will be found in Edmundo O’Gorman’s 
Trayectoria de América, Mexico, 1942. The most recent 
publication on the whole subject is Antonello Gerbi, 
Viejas polémicas sobre el nuevo mundo, Ciudad del Reyes, 
Banco de Crédito del Pert, 3rd ed., Lima, 1946. It deals 
in considerable detail with the whole subject and indi- 
cates at least its many implications. The fact that the 
publication of the book was sponsored by a banking insti- 
tution tends to show that these ‘‘old polemics” about the 
population of the New World still have a ‘present value” 
and interest. Quite naturally the author has emphasized 
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he South American aspect of the question and discusses 
nany authors who, from the early explorers to Professor 
\longe, have noted and studied the effect of the climate on 
the population of South America. See more particularly 
Carlos Monge, Influencia bioldgica del altiplano en el 
individuo, la raza, las sociedades y la Historia de América, 
Lima, 1940. We are solely concerned here with the 
“block’’ constituted by the former British Colonies in the 
New World. 

2 Political Arithmetick, Or a Discourse concerning the 
Extent and Value of Lands, etc. Presented to the King by 
his son Shelborne. London, 1699. Sir William Petty was 
distinctly opposed to colonization; his popularity with the 
colonists and particularly with Dr. Franklin may be ex- 
plained by the fact that he also preached the doctrine of 
hard work: ‘“‘no Man needs to want that will take moderate 
pains.” 

3 Besides the famous poem in which Berkeley prophesied 
the glorious future of America, he mentioned often the 
British colonies. The Querist, published in three parts, in 
1735, 1736, and 1737 deals primarily with economic condi- 
tions in Ireland; but many of the Queries concern the 
British colonies. His was also a doctrine which must have 
pleased Dr. Franklin. Query 37, found a direct application 
in America: ‘‘Whether it were not wrong to suppose land 
itself to be wealth? And whether the industry of the 
people is not first to be considered, as that which consti- 
tutes wealth, which makes even land and silver to be wealth, 
neither of which would have any value but as means and 
motives to industry?’ See also Queries 251 and 252: 
“‘Whether there are not to be seen in America fair towns, 
wherein the people are well lodged, fed and clothed, with- 
out a beggar in their streets, although there be not one 
grain of gold or silver current among them?” And: 
“Whether these people do not exercise all arts and trades, 
build ships and navigate them to all parts of the world, 
purchase lands, till and reap the fruits of them, buy and 
sell, educate and provide for their children? Whether 
they do not even indulge themselves in foreign vanities?”’ 

‘ Besides the study of Michael Krauss already men- 
tioned, see G. Chinard, L’Amérique et le réve exotique, 
Paris, 1913 and Les Réfugiés Huguenots en Amérique, 
Paris, 1926; Edith Philips, The good Quaker in French 
legend, Univ. of Pa. Press, 1932, etc. 

>The quotations are taken from The spirit of laws, 
translated from the French of M. de Secondat, Baron de 
Montesquieu, 10th ed., London, 1773. On the vogue of 
Montesquieu see Montesquieu in America, by Paul Spurlin, 
Louisiana State Univ. Press, 1940. 

®° The passages quoted are taken from Natural history, 
general and particular, by the Count de Buffon, Translated 
into English . . with occasional Notes and Observations, by 
William Smellie, In nine volumes, The third edition, 
London 1791. ‘This translation, although more complete 
than the other English translations I have been able to 
consult, omits much of the ‘“supplementary’’ material 
found scattered through the original French edition. 

* This is the passage to which Jefferson took exception 
in the Notes on Virginia in which he quoted directly the 
French text. It must be noted however that Jefferson 
omitted this introductory paragraph in which Buffon ex- 
pressed views very similar to Montesquieu’s on ‘‘untamed 
nature.’’ He also omitted the last paragraph quoted here. 
The 1853 edition of the Notes on the State of Virginia, 
published by J. W. Randolph at Richmond, gives the 
translation of the quotations inserted by Jefferson in the 
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original language, but contains here a footnote indicating 
that ‘‘The translator allowed himself some slight liberty 
to avoid indelicate language.’’ The English translator 
was less prudish. 

8 Much of this supplementary material was collected by 
the translator in volume IX of the London edition, 1791. 
From the Epoques de la nature, he preserved only the last 
one entitled ‘‘Concerning that Period when the Powers of 
Man aided those of Nature.” 

® En Resa til Norra America, in three volumes published 
respectively in 1753, 1756, and 1761; the third volume con- 
tains at the end the meteorogical observations made by 
Bartram. The German translation appeared in 1754, 
1757, and 1764 and contains in volume III interesting 
plates of the fences used in America to enclose the fields. 
We are quoting here from the two-volume edition published 
in London, in 1770-1771. Peter Kalm’s interest in 
America did not stop with the publication of his book. He 
supervised several doctoral dissertations, which are pre- 
served in the New York Public Library, dealing with 
America, and particularly with the early voyages of the 
Norsemen to America. 

‘0 For the biography of de Pauw, the different editions 
and translations of the Recherches, see the article already 
mentioned of Henry Ward Church, Mod. Language Assn. 
Publ. 2 (1), March, 1936. There also will be found “major 
attacks made by at least six individuals, representing 
three nationalities and covering a period of nearly forty 
years. These six persons are the Frenchmen Dom Per- 
netty, Z. de Bonneville, Delisle de Sales, and Drouin de 
Bercy; the Italian Count Carli; and the Mexican historian 
Clavigero.” 

'! This seems to appear from the following passage which 
is given here in the original French: 

“Quant aprés cela on veut découvrir le véritable principe 
de la foiblesse du nouveau Monde, on le trouve dans sa 
dépopulation, dans le besoin qu’il a de Négres, dans le 
besoin qu’ont les colonies Anglaises d’Allemands. On 
peut mettre en fait que l’Angleterre a tiré, en différens 
temps du Palatinat, de la Souabe, de la Baviére, des 
Electorats ecclésiastiques, plus de cing cent mille hommes 
pour ses établissemens d’Amérique. Mittleberger étant 
a Philadelphie, en 1750, 51, 52, 53, assure que, pendant son 
séjour, il arriva dans cette seule ville vingt-quatre mille 
hommes achetés en Allemagne, pour étre appliqués a la 
culture des terres de Pensylvanie. Il y a quelques années 
que la Baviére et d'autres états ont fait des loix extréme- 
ment rigoureuses pour empécher ces émigrations, et il 
paroit que l’Angleterre, tache aujourd’hui de recruter en 
Suisse pour ses colonies; mais si la Suisse use de la méme 
précaution que la Baviére, il est difficile de savoir ot l'on 
pourra trouver les colons dont on a encore besoin."’ Re- 
cherches philosophiques sur les Americains, III: 323, Paris, 
An III. This third volume contains both Dom Pernetty’'s 
Dissertation and de Pauw's Défense des Recherches. 

What cannot be denied is the extraordinary influence 
of De Pauw. He was an unscrupulous borrower, but in 
their turn several other writers, including abbé Raynal, 
borrowed extensively from him. 

13 It is even more difficult to find one’s way through the 
different editions of Raynal than through the works of 
Buffon, as the different volumes were published in different 
places, or at least bear different imprints. I used the 
edition published at Amsterdam in 1770 in 6 volumes, and 
for the translation the Philosophical and Political History of 
the Settlements and Trade of the Europeans in the East and 






















































































































































































































































































































































































56 GILBERT CHINARD 


West Indies Newly translated from the French, by 
J. O. Justamond, F.R.S., 8 vols., London, 1783. The 
Neuchatel edition, of 1783, contains a supplementary 
volume dealing with the American Revolution (Vol. IX). 

' Apparently Raynal deals here with the whole New 
World; but this description appears in the book which 
treats more especially of the British colonies. The same 
development reappears almost in the same words on page 
294: “Les premiers Européens qui allérent former les 
Angloises, trouvérent d’immenses foréts. Les 
gros arbres que la terre y avoit poussés jusqu’aux mers, y 
étoient embarrassés de plantes rampantes qui en inter- 
disoient ‘approche. z= 

' ‘To add to the confusion which prevails in L’ Histoire 
philosophique, the books were renumbered, and XVII be- 
came XVIII. 

‘6 Raynal protested vehemently that this pamphlet pub- 
lished in London under the title of Révolution de Il’ Amérique 
par M. l' Abbé Raynal, auteur de l'histoire philosophique et 
politique des établissements, et du commerce des Européens 
dans les deux Indes, Londres, 1781, was a fabrication and 
did not represent his views. It may have been a clever 
piece of propaganda inspired by the British cabinet, as it 
contains many passages directed against the Insurgents. 
Nevertheless Raynal reproduced much of its substance 
in volume IX of the Neuchatel edition. Révolution de 
l’ Amérique was attacked by Thomas Paine in his Letter 
addressed to l' Abbé Raynal, on the Affairs of North America. 
Although Paine admitted that the abbé’s manuscript 
might have been “purloined’’ by an unscrupulous printer, 
he maintained that: ““The Abbe’s writings bear evident 
marks of that extension and rapidness of thinking and 
quickness and sensation, which of all others, requires 
revisal."" No wonder, Franklin could write after receiving 
from Robert R. Paine’s 


ce rhe mies 


Livingston several copies of 
answer: ‘The errors we see in histoires of our times and 


affairs weaken our faith in ancient history’? (December 5, 
1782, Writings of Benjamin Franklin, ed. by A. H. Smyth, 
VIII: 635, N. Y., Maemillan, 1906). 

'7 For a keen analysis of the Observations, see Van Doren, 
Benjamin Franklin, 216-219, N. Y., Viking, 1938. 

'§ This letter is quite as important as the Observations to 
ascertain Franklin's views on the peopling of America. 
In fact it was written in answer to some remarks on the 
Observations made by Jackson and gave Franklin an op- 
portunity to define more exactly his views on German im- 
migration and to see to it that the English elements be not 
drowned under a flood of immigrants who refused to be 
assimilated. 

‘Several letters in the Franklin papers preserved by 
the American Philosophical Society would show that these 
scientific differences of opinion did not affect the friendship 
of the two old men. They exchanged letters on their 
physical afflictions as well as scientific information. 

*° Franklin seems to have been unaware of the experi- 
ments conducted in Switzerland by de Saussure who had 
perfected a far more accurate instrument than the crude 
hydrometer described in the letter to Nairne printed in the 
Transactions. See Horace Benedict de Saussure, Essais 
sur l’hygrométrie, Neuchatel, 1783. 

*" | have been unable to find out whether Barbé-Marbois 
established the questionnaire on his own authority and 
sent it only to Jefferson, or whether, on the contrary, it was 
also addressed to the Governors of all the states. In any 
case Jefferson seems to have been the only one who an- 
swered the questionnaire in an elaborate manner. 
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It is not unlikely that Buffon’s remarks aroused 
Jetferson’s interest in this particular subject which he 
pursued systematically to the end of his life. Any dis- 
covery of gigantic bones contributed new data towards 
the refutation of Buffon’s thesis on the weakness of nature 
in the New World. It may also be that it incited him to 
make every possible effort to encourage philosophical and 
“‘literary”’ study of the natives, which later he evidenced in 
his investigations on the Indian dialects and in his in- 
structions written on the occasion of the Lewis and Clark 
expedition. 

23 He was much more severe in the notes he had written 
for a contemplated new edition of the Notes on the State of 
Virginia. They were given in the edition of 1853 printed 
at Richmond by J. W. Randolph. There, he declared 
(p. 69), “No writer, equally with M. de Buffon, proves the 
power of eloquence and uncertainty of theories. He takes 
any hypothesis whatever, or its reverse, and furnishes ex- 
planations equally specious and persuasive.”’ 

* The 1854 edition of the Notes contains additional ma- 
terial on the subject (p. 72) as well as a lesson in methods 
addressed to the French philosophers: ‘‘A patient pursuit 
of facts, and cautious combination and comparison of 
them, is the drudgery to which man is subjected by his 
Maker, if he wishes to attain sure knowledge.” 

2> See Richard H. Shryock, The health of the American 
people. An historical survey, Proc. Amer. Philos. Soc. 90 
(4): 251-259, September, 1946. 

*6The American Philosophical Society and the early 
history of forestry in America, Proc. Amer. Philos. Soc. 89 
(2): 444-488, 1945. 

27 | discussed somewhat at length Volney’s work in a 
book entitled Volney et l’'Amérique, Paris, Les Presses 
Universitaires de France, and Baltimore, Johns Hopkins 
Univ. Press, 1923. It might be added however that the 
notes of the translator, Charles Brockden Brown, would 
deserve a more detailed study. Volney’s chapter Of the 
reigning diseases in the United States contains an extensive 
bibliography which might be of use to the students of the 
history of medicine (p. 250) and particularly the titles of 
‘numerous tracts, published from 1794 to 1798.” 

*8 | have not attempted here to retrace the history of the 
controversy in England, although the population of 
America is mentioned and discussed in two outstanding 
works. It occupies a prominent place in the famous book 
of Adam Smith's, An inquiry into the nature and causes of 
the wealth of nations, printed at the end of 1775 and the 
beginning of 1776. But Adam Smith drew most of his 
information from Franklin’s Observations and did not seem 
to be aware of the existence of any problem. To him it 
was clear that: ‘Though North America is not yet so rich 
as England, it is much more thriving, and advancing with 
much greater rapidity to the further acquisition of riches. 
The most decisive mark of the prosperity of any country 
is the increase of the number of inhabitants. In the 
British colonies of North America, it has been found, that 
they double in twenty or five-and-twenty years” (Book I, 
ch. VIII). The case of Malthus is somewhat different. 
Although it seems that he had not consulted Franklin's 
Observations when he first published his Essay on the 
principle of population, 1798, he mentioned Franklin fre- 
quently in the second edition. In his chapter on the 
American Indians, he did not mention de Pauw, but quoted 
from Robertson without agreeing with him. The example 
of the Indians served mainly to illustrate his fundamental 
principle that ‘‘the average population is, with few ex- 
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eptions, on a level with the average quantity of food 
vhich in the present state of their industry they can 
btain’’ (Book I, ch. IV). The same principle explained 
he rapid growth of the population in the United States, 
ind Malthus recognized that “‘The English North-Ameri- 
an colonies now the powerful people of the United States 
{ America, far outstripped all the others in the progress 
if their population” (Book II, ch. XIII). On the opinion 
of Jefferson on Malthus see my book on Jefferson et les 
déologues, 14-19, Paris, Les Presses Universitaires de 
France, and Baltimore, Johns Hopkins Univ. Press, 1925. 

*? A proclamation of Governor Mifflin to the people of 
Pennsylvania pointed out with pride the fact that several 
ships loaded with grain had-sailed from Philadelphia for 
Europe. <A letter dated New York, June 12, 1790 and 
published as a broadside by the Journal de Politique, de 
Littérature et de Commerce indicated that “‘la disette des 
grains s'est fait sentir dans les Contrées de l'Ouest; cette 
disette a été occasionnée par les demandes considérables de 
farine que l'Europe a faites a l’Amerique.” 

© cannot overlook this opportunity to protest once 
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more against the extreme and convenient simplification 
which attributes to Rousseau a dominant influence on this 
aspect of American civilization. As late as 1944, Professor 
Hans Kohn, in his otherwise remarkable study of The 
idea of nationalism (N. Y., Macmillan, 1944), repeats: 
“Though Jefferson outlived Rousseau by almost half a 
century, he remained faithful to his master’s emphasis on 
agriculture as the foundation of economic life, of civic 
virtue and moral happiness”’ (p. 315). As if the colonists 
and Jefferson had to wait for the Physiocrats and for a 
philosopher who never handled a spade and never grew a 
cabbage to discover that men have to eat, and that they 
will starve unless they grow food. The importance of 
agriculture in the colonies was not a matter of choice nor 
the result of philosophical or moral reasoning; it was a 
matter of life or death. To propose that the man who 
grew up as a boy on the fringe of the wilderness and spent 
a large part of his life as a practical and experimental 
agriculturist did derive his ‘“‘agrarianism”’ from Rousseau, 
is simply to prove once more that historical legends are 
just as hard to kill as scientific errors. 





TRENDS IN AMERICAN MEDICAL RESEARCH 
DURING THE NINETEENTH CENTURY 


RICHARD HARRISON SHRYOCK 


Acting Director, American Council of Learned Societies 


(Read October 18, 1946, in the Symposium of the American Philosophical Society 
on America’s Role in the Growth of Science) 


THE continued colonial character of American 
medicine throughout the nineteenth century, 
usually taken for granted as a phase of the 
general dependence of American culture upon 
European arts and sciences, is actually not an 
easy phenomenon to explain. That it was not 
simply the result of primitive or ‘‘frontier’’ con- 
ditions in a new country is apparent from the 
fact that American medicine seemed more nearly 
co-equal—more independent in spirit—at the 
advent of that century than at its close. It was 
when the country had only from 2 to 10 million 
population, 1780 to 1820, that Benjamin Rush 
was viewed in Britain and Germany as a world 
leader in medicine; that American medical 
students wrote home to report the inferiority of 
foreign schools to their own;! and that Dr. 
Nathaniel Chapman of Philadelphia confidently 
declared: “in no country is medicine . better 
understood or more successfully practiced than 
in the United States.’ 

In 1840, however, when the nation had grown 
to 17 million, Dr. Samuel Jackson—reversing his 
colleague Chapman's earlier optimism—con- 
demned American medicine as totally lacking 
the scientific interests already dominant in 
Germany.’ And by 1880, when the country’s 
population had reached 50 million, a brilliant 
medical student returning from Germany in- 
dicted the condition of American medicine as 
“simply horrible.”"* The more wealth and popu- 
lation grew—yes, even as hospitals and other 
professional institutions expanded—the lower 
the relative reputation of American medicine 
seemed to fall. Note that this process was not 


' Bell, W. J., Jr., Philadelphia medical students in 
Europe, 1750-1800, Penna. Mag. of Hist. and Biog. 67: 
20, 1943. 

* Editorial: Philadelphia Jour. Med. and Phys. Sci. 1:9, 
1820. 


§ Address to the medical graduates of the University of 


Pennsylvania, 15, Phila., T. K. and P. G. Collins, 1840. 

‘Flexner, James and Simon, William Henry Welch and 
the heroic age of American medicine, 113, N. Y., Viking 
Press, 1941. 


part of any over-all cultural decline; for the very 
era of apparent medical decadence witnessed the 
flowering of American letters associated with 
Emerson, Whitman, and Poe. 

Certain explanations of this seeming paradox 
are to be found in the changing nature of medical 
science after 1800. Cultural history cannot be 
fully explained by observing the general intel- 
lectual climate or Zeitgeist of a given period. 
The internal trends in particular arts and sci- 
ences must also be considered, both in them- 
selves and in their relations to the surrounding 
social environment. 

It happened that medical thought was still 
dominated, at the end of the eighteenth century, 
by theoretical “‘systems.’’ These explained all 
forms of illness by some one pathologic condition, 
from which was deduced one all-sufficient means 
of cure. The typical system was usually a 
revival of the classic humoral or tension the- 
ories, though it hid behind a front of more 
modern knowledge and terminology. Such was 
Rush’s thesis that all illness was due to vascular 
hypertension, and that all could be cured by 
bleeding as a relaxing procedure.® 

The point to be stressed here is that the 
formulation of such a thesis was an arm-chair 
performance. Miscellaneous clinical experience 
and wide reading were useful in suggesting hypo- 
theses and illustrations; but no modern method- 
ology was involved. Nor was any further re- 
search necessary; all the problems were solved. 
Hence any physician with a literary and philo- 
sophical bent could elaborate a system in his 
spare hours. There was no need for equipment, 
time, or money beyond what was usually avail- 
able to the successful practitioner. Moreover, 
the promise of a cure-all impressed the laity and 
provided its author—particularly if he possessed 
a striking personality—with national and even 
international fame. Under these circumstances 
there was little to prevent American physicians 


® Rush, Lectures on the practice of physic, I, no. 31, II, 
no. 1 (MSS., Univ. of Penna. Lib.), 1796. 
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from achieving, at least in their own country, 
reputations equal to those of the Europeans. 

The situation was radically reversed when, 
after 1800, medical leaders abroad focused re- 
search upon pathologic anatomy. This was a 
logical outcome of the earlier interest in normal 
anatomy; but a new impetus was given such 
studies by a realization that they could provide 
a rational approach to the most basic problems 
of medical science. Pathologic anatomy re- 
vealed that there were local seats of diseases, 
and that the latter could be differentiated one 
from another by correlating these local lesions 
with associated symptoms. Vague references 
to “‘inflamation of the chest’’ could be broken 
down into the definite concepts of ‘‘pneumonia,” 
““pleurisy,”’ “‘bronchitis,’’ and so on. And, once 
specific disease entities were recognized, there 
could then be—for the first time—a rational 
search for specific causes, prevention, and cure. 

This outlook, first systematically cultivated 
by the French school, repudiated the generalized, 
pathologic theories of the system-makers, and 
demanded intensive clinical and pathologic re- 
search in the place of arm-chair syntheses. In 
the language of Compte, medicine at last emerged 
on a positivistic level. Instruments of observa- 
tion, measurements, and other modern methods 
were introduced. As a by-product of the more 
objective spirit, there appeared a critical and 
almost cynical distrust of the older therapy as 
well as of the older pathology. The search for 
cures of diseases must be abandoned, pending 
the discovery of the diseases themselves. First 
things must come first: pure science before the 
applied.® 

The revelations of French medicine, reaching 
the United States after 1820, suddenly convinced 
critical American physicians that their own the- 
ories were obsolete. If they were to catch up, 
there was nothing to do but to learn French and 
if possible go to Paris. A serious effort was 
thereafter made to introduce clinical-pathologic 
studies into American schools and_ hospitals. 
Able work was occasionally done in the best 
Gallic manner, as when W. W. Gerhard demon- 
strated (in 1836 at the Philadelphia General) the 
important distinction between typhus and ty- 
phoid fever.?. Yet the new type of investigation 
never took full hold in this country. No 


® On the French school after 1800, see Fosseyeux, M., 
Il y a cent ans: Paris médical en 1830, 97 ff., Paris, E. Le 
Francois, 1930. 

7 Amer. Jour. Med. Sci. 20: 289 ff., 1837. 
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American city became a real research center, as 
did Paris, London, and Vienna, and few Ameri- 
cans can be said to have had a research career. 

The truth is that both the nature and the im- 
plications of pathologic studies ran afoul of 
obstacles deep-seated in the American social and 
cultural environment. Most obvious of these 
was the existence here of strong popular pre- 
judice against the dissection of the human body. 
Graveyards must be robbed for teaching pur- 
poses; and—more serious—it was extremely 
difficult to secure permission for autopsies.* 
Whether or not these attitudes can be correlated 
with increasing Anglo-Saxon prudishness is a 
nice question. Perhaps there was some con- 
nection in the United States with equalitarian 
feeling, which denied to hospital authorities the 
control over ward patients that was taken for 
granted in Vienna. But, whatever the explana- 
tion, moral convictions inhibited pathologic re- 
search in this country from the start. 

Less obvious but equally significant in its re- 
tarding influence, was the disinclination of the 
American people—and therefore of American 
institutions—to support scientific work which 
had no apparent utility. It was often remarked 
that Americans, in the process of exploiting vast 
natural resources, had become a commercially- 
minded people. Their chief goals were said to 
be business success and efficiency. While it is 
easy to exaggerate such generalizations, there is 
evidence that they had considerable validity so 
far as science was concerned. There was popular 
enthusiasm and some government aid _ for 
geologic surveys, scientific agriculture, and all 
sorts of technology between 1830 and 1880, but 
relatively little support for basic research in the 
natural sciences.'° Even certain studies which 
appeared abstract prove, upon analysis, to have 
resulted from very practical motivations. 
Studies in physical anthropology, for example, 
were actually inspired by the cultivation of 
racism as part of the proslavery argument. 

*’ The difficulties continued throughout the century. 
See, e. g., Bull. of the Amer. Acad. of Med. 1: 242, 1891. 

* This type of criticism was common among foreign 
observers and also among native literary men. The most 
incisive medical expression is that by Samuel Jackson, 
note 3 above. But “commercialism’’ was sometimes de- 
fended; see, e. g., the American merchant (editorial), 
Knickerbocker Mag. 14: 3, 1839. 

‘0 Early attempts to form national scientific bodies and 
to secure federal aid for them were hindered by these 
circumstances, as described in Pickard, Madge E., Gov- 
ernment and science in the United States: historical back- 
grounds, Jour. of the Hist. of Med. 1: 254 ff., 1946. 
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the situation in the United 
States was part of a larger Anglo-Saxon pattern. 
It is a truism that the English Government and 
universities did little for science during most of 
the nineteenth century. On the other hand, it 
has been suggested that the English gentleman 
was permitted by tradition to cultivate abstract 
studies at his own expense''—after the manner of 
Charles Darwin—whereas in equalitarian Amer- 
ica even this rather uncertain source of support 
was lacking. For in “the States’”’ only the man 
who did something immediately useful, and pre- 
ferably made money in the process, was likely to 
command wide respect. <A life of leisure, de- 
voted to such useless pastimes as fox-hunting or 
pure science, did not commend itself in a society 
dedicated to the virtues of ‘the common man.” 

It may be claimed that the American emphasis 
upon utility in science was a healthy persistence 
of older attitudes, and that the nineteenth 
century tendency to divorce pure and applied 
sciences was intellectually snobbish and socially 
undesirable.” Whether or not this view is 
valid for the physical sciences, it will hardly hold 
for the medical. It has been noted that the only 
way for medical science to advance after 1800 
was to turn its back on apparent utility—to put 
therapy aside for more basic studies. As a 
pioneer American pathologist exclaimed with 
disdain in 1825; ‘The search for remedies led 
nowhere.’"™ 


To some extent 


It is clear enough why pathologic anatomy 
made little appeal to a practically-minded people. 
For, as mentioned above, the pathologists of 
1840 not only abandoned the search for new cures 
but even repudiated the faith in older remedies. 


They lost interest in therapy. This so-called 
medical nihilism was well expressed by the 
Paris-trained Oliver Wendell Holmes, in his 
classic observation that: “if most of the medi- 
cines in America were thrown into the Atlantic 
Ocean, it would be so much better for mankind 
and so much worse for the fishes."”. Such candid 


' Bernal, J. D., The social function of science, 10, 28, 
N. Y., Macmillan, 1939, 

2 Thid., 4 ff. 

' The pathologists of 1800-1850 did not all go to the 
extreme of advocating research for purely contemplative 
purposes. Some of them—e. g., Pierre Louis—hoped 
their work would ultimately benefit medical practice; but 
for their generation, they worked primarily on matters 
that had no discernible utility. As a corollary, many of 
them lost interest in therapy. This is what is meant 
above by “pure science.’’ The quotation is from Godman, 
John D., Contributions to physiology and pathologic anatomy, 
6, Phila., 1825. 
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statements were not calculated to improve the 
public relations of the medical profession. 
Hence the paradox that the most promising 
period in medical science up to that time was 
viewed by many Americans as one of the most 
discouraging eras in practice. 

Disillusioned by the more learned physicians, 
or antagonized by the persistent bleeding and 
purging of the average practitioner, many 
Americans turned to homeopaths and other 
sectarians for pleasant treatments and a promise 
of cure. The rise of these sects, which really 
maintained the older types of monistic ‘“‘systems’’ 
repudiated by the regular profession, weakened 
the whole standing of the latter in American 
society. Matters were made worse after 1830 
by a deterioration in regular medical education 
and therefore in professional personnel. This 
deterioration, due to certain factors more or less 
peculiar to the American scene, handicapped re- 
search as well as practice in the long run." 

It may be asked why, despite these difficulties, 
professors in the better medical schools did not 
pursue original investigations. But it must be 
remembered that these men were appointed only 
by virtue of their previous success as local 
practitioners. While deriving fees from stud- 
ents, their chief income continued to flow from 
practice; and this left them little time for original 
work. This was also true of some of their 
European colleagues, but at this point American 
attitudes again intervened. The best way to 
attain professional reputation here was to secure 
a fashionable practice since this indicated busi- 
ness success and practical service to patients. 
Conversely, the man who gave his time to seem- 
ingly useless investigation was at best viewed as 
impractical and at worst as a crank. Hence 
even wealthy doctors who could have afforded 
it, received little encouragement to embark on a 
research career. 

It is not difficult to understand, against this 
background, why there was conscious profes- 
sional opposition to French medicine in the 
United States. Busy practitioners sensed that 
this new school, with its demand for arduous 
investigations, high standards, and distrust of 
traditional treatments, would make trouble for 

“Shryock, Richard H., The development of modern 
medicine, 241 ff., Phila., University of Penna. Press, 1936; 
Die Entwicklung der modernen Medizin, 203 ff., Stuttgart, 
Ferdinand Enke Verlag, 1940. 

Samuel Jackson (note 3 above) noted that even 
wealthy physicians avoided basic research because it con- 
veyed no prestige. 





VOL, 91, NO. 1, 1947] 


them. They condemned the interest in Gallic 
methods as a mere vogue.'® It was asserted—as 
it had been in Paris until 1800—that medical 
practice was too complex to admit of the methods 
of mathematics, and that intuition was often a 
better guide.'7 These Frenchmen, it was held, 
were cold-blooded materialists, who missed the 
higher things in life and so were unworthy of the 
noble mission of practice. There was just 
enough truth in this, in terms of nihilism, to 
make the indictment plausible; and it was an 
especially appealing one to Americans in an age 
of enthusiastic religious revivals. 

More congenial to evangelical tastes here were 
the medical professors who orated solemnly on 
Nature and on Nature’s God. In comparison 
with real research, this oratory was also some- 
what easier for the professors. A Naturphilo- 
sophie had dominated German medicine until 
about 1830;'§ and, while it did not influence 
critical French and British scientists nor the 
Paris-trained Americans, some of it seeped into 
provincial schools in the United States. The 
Naturphilosophie expressed a romantic revival of 
medical speculation which seemed akin to the 
literary transcendentalism of the same period. 
But, whatever its origins, speculation of this 
sort enabled American professors to hide their 
neglect of science and their actual ignorance of 
disease behind a “high falutin’’’ metaphysical 
facade.'® 

These various circumstances inhibiting medi- 
cal research were the despair of individual 
leaders who returned from France and later from 
Germany in the hope of introducing scientific 
studies in the European manner. But theirs 
were voices crying in a professional wilderness. 
There was James Jackson, Jr. who sought to 
introduce Louis’ clinical and seminar methods 
into Boston in the ’30s; Samuel Jackson of 
Philadelphia, who declared in 1840 that ‘not 
one man” in the United States was carrying on 
such research as was wide-spread in Germany; 

'6 Jackson, J. B. S., Introductory lecture delivered at the 
Massachusetts Medical College, 8, Boston, W. D. Ticknor, 
1848. 

17 See, e. g., Meigs, D. C., Lecture introductory to his course 
of lectures for 1843-1844, Phila., Merrihem and Thompson, 
1843. 

'§ Diepgen, Paul, Alte und neue Romantik in der 
Medizin, Medizin und Kultur: Gesammelte Aufsatze von 
Paul Diepgen, 227 ff., Stuttgart, Ferdinand Enke Verlag, 
1938. 

19 See, e. g., Ford, D. L., Introductory lecture to a course 
of lectures at the Georgia Medical College, 11, Augusta, 
Georgia, 1856. : 
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S. D. Gross, who during the ’60s and '70s urged 
upon his Jefferson students the importance of 
original work in pathology; and, last but not 
least, William H. Welch, who has been cited for 
his comment on the “horrible’’ condition of 
American medicine in the late ’70s. 

It may be noted that these later protests con- 
tinued in much the same vein as had those of an 
earlier day. Nearly forty years after Jackson's 
comparison of American and German medicine, 
Welch discussed the same theme with two fellow 
students who had preceded him in returning to 
“the states” from abroad. One declared that 
there was no use in attempting original work in 
New York and that he was going back to 
Germany; while the other said that he would do 
the same if he could only find a post there.?° 

Welch decided to stick it out, but was much 
depressed by the whole situation. Had he only 
known it, however, his prospects were far better 
than those which had faced returning students 
in 1830 or 1860. Two major transformations 
had occurred meantime, one in medical science 
and the other in the American economy, which 
converged after 1880 to change the whole status 
of medicine in this country. 

In the first place, the science which Welch 
brought back with him included the new medical 
bacteriology of the ’70s as well as the older 
pathologic anatomy and physiology. The iden- 
tification of specific diseases had led, after 1820, 
to a search for corresponding specific causes. 
Both of the old theories in etiology—concerning 
noxious miasms in one case, and a contagium 
vivum in the other—had been reexamined and 
the latter had proved the more promising. Such 
Americans as Daniel Drake, J. K. Mitchell, and 
Joseph Leidy had participated in the discussion 
of animalcular origins of disease between 1830 
and 1850, but had not undertaken serious in- 
vestigations.”". It remained for European pio- 
neers like Bassi, Henle, and Davaine to prepare 
the way for the final demonstrations by Pasteur 
and Koch in 1876. Pasteur’s discoveries had 
already led to antiseptic surgery in Lister’s 
hands, before Welch returned here; and soon 
thereafter new fields opened up in immunology 
and in serum and chemo-therapy. An element 
of truth was even found in the old theory of 
miasmatic poisons, as insect vectors were shown 
to carry infections through the air. Meanwhile, 


20 Flexner (note 4 above), 113. 
21 Allen, Phyllis, Etiological theory in America prior to 
the Civil War, MS. 1946. 
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French physiologists—notably Claude Bernard 
—had made pharmacology an experimental 
science; and both chemical analysis and synthe- 
sis promised drugs of real value. 

The dawning realization that the ‘‘pure sci- 
ence” of 1830 was at last impinging on practice 

that it promised advances all along the front 
of prevention and cure, instead of the isolated, 
empirical sorties of earlier centuries—gradually 
reversed American attitudes toward medical 
science. The most practical business man could 
appreciate the advantages of the new surgery 
or of a protected water supply. From this 
point on, the American bent for utility proved 
an asset rather than a handicap, and within an- 
other generation provided an enthusiasm for 
medical research that was unsurpassed elsewhere. 
All this Welch realized in his later years when, on 
looking back on his first return to this country, 
he concluded that: 


Few have been so fortunate in coming, provided with 
scientific wares from such sources . upon a scene 
so ripe for educational and scientific advance, and at 
a time so pregnant in the history of scientific medi- 
cine, and in finding opportunities so favorable, yes, 
even hungry for disposal of their wares.” 


Enthusiasm for research was expressed in sub- 
stantial terms soon after 1900, as great founda- 
tions were established and the better medical 
schools expanded their facilities. In due time 
medicine and public health became the chief 
beneficiaries of American philanthropy.“ Here 
the second major change mentioned—the ac- 
cumulation of great wealth during the industrial 
revolution that followed the Civil War—proved 
of distinct advantage. For medical research, 
like medical education and practice, grew more 
costly as it became more technical; and only a 
country possessing wealth could support it 
effectively. As millions made in industry were 
channeled into research, even the commercial- 
mindedness of preceding generations made its 
belated contribution to medical progress. 

Closely associated with these trends was a 
reversal of public feeling toward the medical 
profession. Convinced that regular medicine 
was becoming really useful, state legislatures 
revived licensing restrictions. The popularity 
of the various sects declined.** Scathing attacks 

* Flexner, 113. 

*% Seybold, Geneva (Ed.), American foundations and 
their fields, 39, N. Y., Raymond Rich Associates, 1942. 

* Except for Christian Science, which was becoming 
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on the medical profession, so common a half- 
century before, largely ceased; and in their place 
appeared popular articles, books, and “‘movies’’ 
lauding practice and even the research career.” 

Fortunately, also, the intellectual climate was 
changing by 1900. Many signs pointed to a 
revolt against the earlier romanticism and 
prudery, as, for example, the more realistic tone 
in native literature. Significant for medicine, 
in this connection, was the decline of opposition 
to dissections and autopsies. One also observes 
the gradual waning of sex taboos, which had 
hindered both research and practice in such fields 
as venereal disease and psychiatry. The more 
realistic temper of the times was associated with 
a mounting interest in science as a whole. 

The reversal of popular attitudes toward medi- 
cine was encouraged, finally, by professional im- 
provements. In 1901 the American Medical 
Association was effectively reorganized; and a 
decade later a great reform in medical education 
was precipitated by Abraham Flexner’s able 
report. All these changes, and such others as 
the modernization of American hospitals, may 
be ascribed primarily to the new developments 
in medical science.” 

It is perhaps only an academic question to 
inquire whether American support of medical 
research today is still motivated chiefly by utili- 
tarian objectives. The distinction between pure 
and applied science, quite valid for this field a 
century ago, is no longer so clear. Or, what 
amounts to much the same thing, the time lag 
intervening between basic studies and their ap- 
plications has in many cases been greatly re- 
duced. It is now widely recognized that basic 
research may, in certain promising fields, benefit 
practice at almost any time. This significant 
change has come about both because of technical 
developments and as the result of an accompany- 
ing shift in outlook among medical men them- 
selves. The contemporary bacteriologist or 
bio-chemist often has potential utility in mind 
even while pursuing basic investigations. 

The inclination to support only such medical 
research as may soon prove useful, no doubt 


increasingly popular at the end of the century. This may 
be explained, in part, by the current professional neglect 
of psychosomatic medicine. 
* Such as ‘‘Pasteur,”” and ‘‘The Magic Bullet”’ (Erlich). 
*° These twentieth-century developments are inter- 


preted in Shryock, Richard H., Medical research in the 
United States: past and present (a monograph to be pub- 
lished in 1947 by the Commonwealth Fund, for the N. Y. 
Acad. of Med.). 
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lingers in subtle form. Basic studies in the 
nature of so-called degenerative diseases, for 
example, are less well financed—in proportion to 
their threat to human life—than are investiga- 
tions of infectious diseases. This contrast may 
be partly ascribed to the sheer momentum ac- 
quired by studies in the latter field during the 
preceding generation, but also results from the 
tendency to concentrate on the ‘promising’ 
areas; that is, on those with the most immediate 
implications for prevention or cure. 

In one of the most important types of degener- 
ative disease studies—cancer research—basic 
work (pure science) is now far better supported 
than is a search for cures. At first glance this 
may seem a final reversal of the older American 
attitudes—a triumph of pure curiosity over 
utilitarianism. But so subtle are these dis- 
tinctions today that one may interpret the 
phenomenon in just the opposite manner. It 
happens that the direct search for cancer cures 
is considered unlikely to yield results in the near 
future. Hence institutions are loath to support 
a man who goes on year after year in this direc- 
tion with no results.2?7 After ten years, or 
twenty, he may only echo Godman’s words of 
1825: ‘The search for remedies led nowhere.” 
No doubt it is unfortunate that the direct search 
for cures has so little support, for who knows—? 
But the fact remains that it is neglected here be- 
cause its promise of utility is so uncertain. Con- 
versely, basic research is relatively well main- 
tained because of the hope that it may actually 
lead to prevention or cure sooner than will direct 
attacks on these problems. In a word, we still 
seek the useful in science; but no longer neces- 
sarily equate this—as did the American public a 














27 Rous, Peyton, Concerning the cancer problem, A mer. 
Scientist 34: 335, July, 1946. 
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century ago—with work of an immediate and 
applied character. 

The problems facing American medical science 
today are quite different from those which were 
pressing in 1900. There is great need, at least in 
the United States, to shift the focus of research 
from the partly-conquered infectious diseases in 
the direction of the still-recalcitrant chronic and 
degenerative disorders. Such a shift would be 
significant for the public health as well as for 
individuals. The growing part played by gov- 
ernment in scientific work suggests possibilities 
of expanded financial support, but raises in many 
minds relatively new questions about the free- 
dom of science. By and large, however, such 
current problems are not peculiar to this coun- 
try, but are faced in most so-called progressive 
societies. After a century of colonial depend- 
ence, the United States finally emerged as an 
independent center of medical science. 

It need only be pointed out, in conclusion, that 
nationalistic enthusiasm should not make the 
mistake of confusing independence with isolation. 
After 1918 the number of Americans who sought 
post-graduate training abroad rapidly declined. 
Many seemed to feel that native training facili- 
ties were now completely adequate, or even 
viewed any desire for foreign study whatever as a 
confession of cultural inferiority. This trend, 
with its implied threat of a “‘continental com- 
placency,’’* may actually be interpreted as a 
last vestige of colonialism—as an exaggerated 
assertion of independence rarely made in Euro- 
pean societies. True scientific maturity implies 
rather the opportunity, now before this country, 
of exchanging students as well as knowledge 
freely with all other progressive lands. 


28 A view expressed by Dr. Alan Gregg, of the Rocke- 
feller Foundation. 
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IN thanking the National Academy of Sci- 
ences of Washington for the invitation to give 
this, the sixth of the Pilgrim Trust Lectures, 
may | be allowed to say a word about the origin 
of the series, which it concludes? The idea first 
took shape in London in the summer of 1937, in 
conversation between your Foreign Secretary 
at that time, known almost as well in England 
and in France as in his own country, the late 
Lawrence |]. Henderson, and a Secretary of the 
Royal Society of London, A. V. Hill. I heard 
of the plan from Professors Henderson and Hill 
as we dined together at that time, and of the 
proposal to appeal for financial support to the 
Pilgrim Trust, administering a great American 
endowment for the benefit of Britain. The 
generous offer, made by the Trust in response, 
was gladly accepted by your Academy and by 
the Royal Society. The series of six annual 
lectures for which it provided started in 1938, 
but it has been spread over eight years by the 
events which have intervened. 

The promoters of the scheme were among 
those who still preserved the hope of rebuilding 
a truly international community in_ science. 
Memory had preserved from happier times 
experience of such a community as a substantial 
reality, though it had been impossible to ignore 
a weakening of its influence by national rivalries 
and resentments, even before it was rudely 
shattered by the outbreak of war in Europe in 
1914. The effort reopen, after 1918, the 
channels which had thus been broken, to re- 
create the feeling of confidence and common 
interest among the scientists of different coun- 
tries, though it encountered natural difficulties 
from the hatreds and suspicions which such a war 
leaves in its train, had been able to claim a 
steady advance towards its objective until, from 
1933 onwards, the open resurgence of aggressive 
nationalism had made the threat of war loom 
large again. And it was clear already that, if 
this could not be averted, it would be a war 


to 


diverting science from its proper aim and using 
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its powers for destruction to an extent beyond 
all earlier experience. By 1937 this drift to a 
new disaster for the world and its peoples had 
become ominously clear; and I believe that those 
in our two countries who, at that juncture, were 
concerned to promote and to accept this scheme of 
alternating invitations to lecture, were not with- 
out hope that something more widely interna- 
tional might ultimately come of such a friendly 
exchange, though immediately it could only 
strengthen ties of international fellowship where 
these had always been easiest to maintain, be- 
cause of the common heritage of a mother- 
tongue and of so much of earlier history and 
tradition. Even this, perhaps, might help to 
keep alive, and ready for a new emergence when 
the time should be more propitious, that full 
and inclusive understanding and _ confidence 
among scientists of all nations, which had once 
seemed so natural, but which, in 1937, was fad- 
ing again from view with such a menacing 
rapidity. 

Dr. Langmuir and the late Sir William Bragg 
gave the first two lectures of this series before 
war broke out. Then illness and, later, his 
much lamented death frustrated the plans which 
Professor Lawrence Henderson had made so 
eagerly to come to London for the third. By 
the time that Dr. Karl Compton came, in 1943, 
all the scientific resources of both our countries 
had been turned to a largely cooperative service 
of the war, and his lecture naturally dealt with 
America’s great organization to that end. Pro- 
fessor Adrian, lecturing here in 1944, when it 
began to be possible to foresee the end, and Pro- 
fessor Muller in London last year, when Japan’s 
surrender had already brought an end to hostil- 
ities were able to return for their subjects to 
the normal scientific interests and activities of 
peace. It might have been thought, then, that 
| should be able to do this even more freely to- 
day. | most heartily wish that it could have 
been so; but there are questions now facing us 
all, as scientists, which have a greater urgency 
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than any special problem or line of research. 
Dr. Muller, indeed, had hardly left England 
when you invited me to come here last Novem- 
ber, to give this lecture, as an item of a sym- 
posium you were holding then with the American 
Philosophical Society of Philadelphia, to discuss 
the freedom of science and its international rela- 
tions. | was bound by duties in London then; 
but you honoured me by renewing the invitation 
now, when you have further extended the circle 
and given the discussion of such broad problems 
and interests of science a more widely interna- 
tional basis, by inviting representative scientists 
of many nations to take part. The meeting is 
still in progress, but it is possible to welcome 
already the evidence which it has given of a 
general desire among the men of science of the 
nations here represented to resume the fullest 
possible cooperation; evidence also, which a 
number of the individual communications have 
given, of the recognition that there are wide 
areas of scientific activity in which the most 
complete international collaboration is urgently 
needed and, most happily, should be possible 
now without further delay. 

At the same time we must recognize the dis- 
appointment of any hope which we may have 
entertained of a disappearance, by now, of the 
doubts and anxieties for the future of science 
itself which troubled us a year ago, though we 
have not been left without encouragement. 
Scientists throughout the world, so far as it has 
been possible to make touch with them, have 
made it abundantly clear that they recognize, 
and passionately desire to see removed, the 
danger with which the war’s legacy of world 
policies threatens the freedom and the prospect 
of science, and the kindred danger with which 
the perversion of science threatens the future of 
the world. It would be an unpardonable abuse 
of the privilege which you have given me if | 
were to intrude upon the sphere of international 
politics on such an occasion. We scientists 
have our individual duties to advocate or. to 
criticize the plans under discussion at those high 
levels of tremendous responsibility, for the pre- 
vention of dangers which, with our fellow citizens 
of the world, we apprehend. It is not to be 
expected that we shall be completely unanimous 
in our judgments of such matters; but we have, 
of course, the special duty of ensuring that 
decisions, which may mean so much for the 
future of mankind, are taken in the light of all 
that science can provide of precise knowledge 
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and sound prediction. A peril to the world’s 
civilization is the affair of all the world’s citizens, 
ourselves among them. A peril to science should 
also be the concern of all the world; but nobody 
will deny that that is our special responsibility 
as men of science. Nobody can question our 
particular duty to consider whether anything 
can be done to rescue science, and therewith 
civilization, from a danger which threatens both. 
If it is the general belief of this assembly, as it is 
mine, that nothing could so much conduce to 
that end as a renewal of the full and intimate 
confidence and community of interest among the 
scientists of all the world; of that informal 
brotherhood in science, ignoring all national and 
political frontiers and all differences of social 
philosophy which effectively existed within the 
memory of so many of us—if that is our belief, 
then it is clearly our first and imperative duty 
to consider whether anything stands in the way 
of such a renewal, and, if so, whether we can do 
anything to remove it. 

I assume that there will be no lack of agree- 
ment among us in repudiating any suggestion 
that science itself is to be held responsible for the 
problems and the danger with which the world is 
faced, or that science should be halted or re- 
tarded in its progress, in order to enable the 
moral and political enlightenment of mankind to 
overtake the changing situation. Such a prin- 
ciple of action would have brought the advance 
of civilization to a standstill at the point where 
our remote and primitive ancestors made the 
first, perhaps, of all scientific discoveries, in the 
production of fire. Presented thus with an 
agent most powerful for his advance from sav- 
agery to culture, or, if otherwise used, for the 
destruction at any time of all that his race had 
achieved in that advance, man had succeeded in 
turning and developing its uses, more and more 
through the ages, to creative and _ beneficent 
ends. And now, in these recent years of war, 
fire has again been unleashed for destruction, on 
a scale far beyond anything that our half- 
civilized predecessors would have dared to con- 
template. The world and science itself are 
threatened, then, not because science is advanc- 
ing too fast, but because mankind has recklessly 
abandoned moral standards which had been won 
by painful striving and gathered wisdom through 
the centuries, and which had enabled it for so 
long to use the gifts of science with growing 
safety. It may be worth while to consider 
briefly how this has come about. 
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While we may all agree with Benjamin Frank- 
lin’s opinion that “there never was a good war 
or a bad peace,” it will also be accepted, | think, 
that, up to the outbreak of the First World War 
in 1914, there had been a continuous effort to 
limit by agreement, even for the combatants, the 
sufferings inflicted by war, and to secure for 
civilians the fullest possible immunity from its 
dangers. | like, in that connection, to remember 
Sir John Pringle, who was Physician-General to 
the British Army in Flanders in 1744, and, in 
that capacity, is credited with the initiative 
which led opposing armies first to recognize the 
right of the medical services, and of the wounded 
under their care, to be free from attack. If you 
will pardon a momentary digression, it was the 
same Sir John Pringle who, as President of the 
Royal Society from 1772-1778, became involved 
in a famous controversy about Benjamin Frank- 
lin’s lightning-conductors, concerning which one 
Benjamin Wilson had argued that their ends 
ought to be round, not pointed. The Royal 


Society being asked by the Government for its 
opinion, referred the question to a Committee, 
of which Henry Cavendish and Joseph Priestley 
were among the members, and this Committee 
gave complete support to Franklin in its con- 


clusions. When Pringle as President reported 
this to King George III in 1777, that obstinate 
monarch, inclined by then to view with dis- 
favour any of Dr. Franklin's activities, endeav- 
oured to persuade Pringle to abandon his Com- 
mittee and to support Franklin’s opponent. 
Pringle protested his dutiful desire to serve the 
King to the limit of his powers; ‘‘but Sire,’’ said 
he, “I cannot reverse the laws and operations of 
nature.’ Perhaps, after all, to remember that 
the man who first propounded the principle of 
the Red Cross was also a staunch defender of the 
freedom of scientific truth from political pressure 
is not so irrelevant, at a time when neither of 
these historic immunities appears to have quite 
the authority which the world till recently ac- 
corded to both. 

Do you remember how military activity, up to 
the outbreak of the war in 1914, had become 
circumscribed and restricted by conventions 
which, if not wholly logical or consistent, were at 
least merciful in their intention? Do you re- 
member when that war had begun how each 
side accused the other of using expanding bullets, 
and how horrified we were by the first sinking of 
a merchant ship without provision for the safety 
of its crew? What has happened, then, to cause 
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so rapid a lapse from the international attitude 
which such embargoes typified, that, by the end 
of the recent hostilities, nearly all humane 
restrictions had gone by the board, and the na- 
tions concerned had been forced, in practice if 
not in theory, to accept from our enemies the 
principle of belligerent action which they had 
called ‘‘total war’? In negation of all former 
immunities and distinctions, this conception 
regards the whole of a country’s population, 
with all its equipment for manufacture and 
transport, as potentially concerned with arma- 
ment and maintenance for war, so that they may 
be made, and have been made, the primary 
object of attack. In the more recent phases of 
its development, indeed, this total war has been 
evolving weapons of such range and such lack of 
discrimination that their attack neither spares 
nor can spare any part of the general life and 
activities of a nation, neither the treasured 
monuments of its art and its history, nor any of 
its hardly won and patiently built equipment for 
civilized existence. The old convention, in fact, 
is not merely being abandoned; it is even in 
danger of becoming reversed; so that war with 
these new, unselective weapons may eventually 
come to mean that only the non-combatant 
population is exposed to attack, and only the 
armed forces, concerned with the release of these 
engines of annihilation, are effectively protected. 
And this change concerns us, not only as world 
citizens, but most intimately as scientists; for 
such developments have only been made possible 
by the full conscription for warlike uses of our 
science, with all its potentially beneficent re- 
sources of knowledge, discovery, and invention. 
It is surely then of the most urgent interest for 
us to enquire how it has come about, and when 
it began. 

Though it may be difficult to recognize and to 
disentangle all the causes of such a decadence, | 
think that we may at least identify a point of its 
proximate origin in the first employment of 
poisonous gas as a wholesale weapon in 1915. 
| am aware that apologists have made a case, not 
implausible in itself, for regarding this chemical 
warfare, especially in its later and most effective 
developments, as having been less cruel even 
than some of the weapons which had long been 
recognized as normal and legitimate, in that it 
killed or permanently disabled relatively few of 
the many whom it put for the time out of action. 
I hold, none the less, that the horror and indig- 
nation which its first employment evoked, not 
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least among scientists, were justified, not only 
because it involved a prepared and deliberate 
breach of an accepted convention, but because it 
was recognized, half-consciously perhaps, as a 
first use of science itself as a weapon, unselective 
in attack and involving little or no personal risk 
for those charged with its release. War, till 
then, however cruel its consequences, had still 
been essentially a combat calling for fine qualities 
of manhood. The services which science, in 
certain of its applications, had thus far been 
called upon to render to warfare, had been con- 
cerned predominantly with the better armament 
and protection of personal skill and courage. 
Nor can anyone suggest, with records before us 
from the recent war as fine as any that history 
can show, that personal heroism and sacrifice 
have yet ceased to be factors, often decisive ones, 
in warfare as we have known it hitherto. That 
proud recognition, however, must not blind us 
to the threat, not even a distant threat, of a 
warfare in which personal combat between brave 
men has been superseded by a competition in 
scientific slaughter and destruction at long 
range. And it seems to me that those who had 
a clear vision of its significance might have fore- 
seen such a development, when the first use was 


made of science as a weapon and a combatant 


in itself, with the first gas attack in 1915. We 
should note, also, that nobody could charge this 
innovation to a dangerously rapid progress of 
science; for the first poisons thus to be released 
were old and familiar chemicals, and the only 
real novelty was in their use for such a purpose. 

When once, however, the dam of convention 
had thus been breached, science inevitably found 
itself called upon to make discoveries and in- 
ventions with the deliberate object of such mis- 
use; and the Second World War, with science 
completely enrolled for such purposes by all the 
belligerents, was to witness a blurring and, 
eventually, a practical disappearance of the 
distinction between combatant and _ civilian. 
Thus, with the contribution of science and tech- 
nology to warfare ever more in the foreground, 
there was rapid progress, through massed bom- 
bardment and fire-spreading from the air, 
pilotless planes and rocket bombs, to the use in a 
weapon of the enormous energy released by nu- 
clear fission in a chain-reaction. The effect of 
this last, as we know, was devastation on a scale 
beyond previous experience, and the remoter 
consequences for its victims are still not fully 
evaluated. 
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It was to be expected that the sudden news of 
an event of such magnitude, with the knowledge 
that it was the first result of a vast scientific and 
technical enterprise, planned, undertaken, and 
completed under the impenetrable secrecy of 
war, would give a staggering shock to the opinion 
of an astonished world. There was indeed a 
brusque awakening to new apprehension of the 
kind of disaster in which civilization might well 
find itself involved by a total war thus using all 
the resources which science and technology could 
provide. I think that it was also generally 
understood, though not perhaps with such a 
vivid awareness, that the accomplished fact of 
the release of nuclear energy on a great scale, 
attained by realizing conditions which physical 
theorists had been able to predict with such con- 
vincing accuracy, ought, in a wiser world, to open 
a new era in man’s mastery of nature and its 
powers for the common good. It was difficult 
to know with what past discoveries this new 
achievement should be compared, in respect of 
such beneficent promise—with that of electro- 
magnetic induction, perhaps, or of the use of 
steam for power, or of chemical combination as 
a source of free energy, when primitive man 
kindled his first fire. With this confusing con- 
trast and competition of hopes and fears, it is 
no matter for surprise that the general imagina- 
tion should have fastened on the atomic bomb, 
and even on the release of nuclear energy itself, 
as the source of a new species of danger for man- 
kind, and that timorous philosophers should 
have been heard bemoaning one of the greatest 
of scientific achievements as a disaster to the 
world. 

We shall not, I think, fall into this error. The 
atomic bomb may, indeed, represent a temporary 
climax in the enlistment of science for destruc- 
tion. We shall look, as scientists, with even 
more interest and more eager hope than the rest 
of the world, to the efforts now being made to 
find, by agreement, an effective and lasting 
means of averting the danger threatened to 
civilization, from the misuse of what should be 
one of the greatest of the gifts of science to 
human welfare. It will be clear to us, however, 
that the atomic bomb presents a special case 
only of a much wider problem. This it has 
forced suddenly into the forefront of the world’s 
attention, but the problem was there already, 
and would have presented itself for solution, 
even if the project for releasing nuclear energy 
had failed, or if it had never been undertaken. 
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The recent hostilities saw only a beginning in the 
use of long-range projectiles, and the fact that the 
destructive possibilities of poisoning and infection 
were not actively exploited then must surely be 
attributed rather to lack of confidence in success 
than to any fidelity to conventions, or to com- 
passionate reluctance. Nobody can guess what 
future discovery may offer, or predict what might 
be the result of committing effort and resources, 
on a scale comparable to those which produced 
the atomic bomb, to the general exploitation of 
other possibilities of using science as an agent of 
wholesale massacre and destruction. As scien- 
tists then, we must stand for the general prin- 
ciple and against all such perversion of the 
knowledge which we produce. 

What, then, are we going to do about it? 
My own direct concern with science has been 
with its medical aspect, and | hope that nothing 
would tempt me to the pretence of offering a 
ready-made quack remedy for all the sickness of 
the world, or for that of science in its relation to 
such world problems. My first instinct is, 
rather, to invite you to consultation on a matter 
of diagnosis. And | assume that you will agree 
that we should restrict our consultation to the 
question which is our particular concern, and 


discuss whether anything is amiss with science, or 
with the aims and ideals with which we pursue it. 
Have we been astray, in regarding it as the first 
duty of science to seek the truth for its own sake, 
in holding the advancement of natural knowl- 
edge to be good in itself, independently of any 
value which its uses may have for the betterment 


of the conditions of man’s life? Some would tell 
us today, indeed, that science has no right to 
such aloofness; that it is itself but a product and 
expression of the social progress of mankind, 
and can find its only proper aim and sanction 
in relation to social needs. They tell us even 
that this view was already held by such pioneers 
of our modern science as those who planned and 
brought about the feundation of the Royal 
Society, and that we have been at fault in de- 
parting from their precepts. Such a respect for 
ancient authority may seem strange from such a 
quarter; but, in any case, | find it difficult to 
convince myself that these early scientists were 
consistent followers of any such doctrine. It is 
true that Francis Bacon advocated researches 
“useful for man’s life’ as well as ‘for knowledge,” 
but it was he also who wrote that ‘“‘men are in- 
clined to turn aside from their experiments for 
some practical application of them; like Atalanta 
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they go aside to pick up the golden apple and let 
victory escape them; they shall seek for experi- 
ments of light, not for experiments of fruit.” 
As for Robert Boyle, with his description of 
“our new philosophical college that values no 
knowledge but as it hath a tendency to use,”’ 
you would look in vain in his practice and that 
of his associates among the Royal Society’s early 
Fellows, for any clear effect of such a principle. 
These men had, indeed, no pedantic aversion 
from practical problems, but, eager to explore 
all the joys of their new-found freedom to dis- 
cover by experiment, they ventured with at 
least as much enthusiasm out into the unknown, 
without any thought of the application of what 
they might find. 

When we come to the nineteenth century, with 
its great outburst of interest and activity in 
science and its applications, we find a striking 
unanimity among the leaders of that movement. 
One after another of these proclaims his con- 
viction that the first duty of science is the dis- 
covery of truth, without reference to its uses. 
With equal conviction, however, they claim that 
the free pursuit of that unpractical ideal not 
only may, but commonly does bring wider and 
more permanent benefit, even to the material 
aspects of human life and civilization, than are 
obtained by researches planned with a direct and 
limited object of useful discovery and invention. 
Most of us will today still agree with Professor 
Whitehead, that ‘‘in our most theoretical moods 
we may be nearest to our most practical inven- 
tions.’” Where industry, indeed, is under en- 
lightened direction, this conviction has been 
notably effective in shaping even an industrial 
research policy, not on a basis of sentiment we 
may be sure, but of practical experience. Those, 
on the other hand, who are strongest in the faith 
that the proper objective of science is the service 
of social needs, accept researches of a nature most 
remote from any perceptible relation to practical 
use, as worthy to be promoted by an enlightened 
society or state, being also convinced that the 
most abstruse researches will eventually serve 
the happiness and prosperity of mankind. 
These varieties of personal conviction, then, seem 
to lead to practical policies of much the same 
kind; and, with regard to the particular matter 
of our discussion, there can be no suggestion that 
either conception of the true mission of science 
would give, or imply, a sanction for its misuse in 
the service of destruction. The independent 
pursuit of scientific knowledge does not imply 
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indifference to the uses to which it is put when 
discovered ; nor could a belief in social uses as its 
proper objective condone such perversion, unless 
it should be held to imply further that science 
must be the docile instrument of the political 
ideals and ambitions of rival states. 

We cannot, it appears, arrive at our diagnosis 
of the malady on those lines and we must look 
elsewhere. After the news of the atomic bomb 
at Hiroshima, a letter which I wrote to a daily 
paper brought me comments from many people, 
and more than one of these raised the question 
whether the scientists of all countries could not 
bind themselves by something analogous to the 
Hippocratic Oath, which has exerted so powerful 
an influence on the ethical standards of medicine. 
In a recent address at Pittsburgh, at the cen- 
tenary commemoration of the birth of George 
Westinghouse, my friend and colleague, A. V. 
Hill, developed the same idea in some detail; and 
| hope that those here who have not already done 
so will find opportunity to read Professor Hill’s 
stirring presentation of that theme. Various 
associations and meetings of scientists in this 
country and in Britain, and of the representa- 
tives of many countries at a recent meeting in 
London of the Council of the International 


Scientific Unions, have formulated with varying 
degrees of elaboration, and recommended by 
impressive arrays of votes and signatures, their 
views and policies with regard to the position 
created, or forced into notice, by the use of nu- 


clear energy as a weapon. As | have said al- 
ready, we may find great encouragement in the 
substantial unanimity of attitude among scien- 
tists revealed by these various pronouncements, 
all being concerned to preserve the integrity of 
their life’s work and to protect it from misuse. 
As I have suggested, however, the problem for 
science is a wider one than that with which some 
of these resolutions are concerned, and, like Pro- 
fessor Hill and others, | have been considering 
whether there might be some simpler and more 
inclusive profession of the scientific faith of the 
principles of conduct by which we could agree to 
be guided, and which every scientist in the world, 
whatever his national loyalty or political creed, 
could properly be asked to accept. Let us see 
first whether our forerunners of the days when 
nobody’ had thought of science as other than a 
completely international activity made _ for 
themselves any rules which might help us. 

We may safely regard the Second Charter of 
the Royal Society (1663) as representing views 
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originating with its earliest Fellows, based on 
their still new experience, rather than with the 
Royal Patron who gave them the Charter. It 
directs the Fellows to apply their studies ‘‘to 
further promoting by the authority of experi- 
ments the sciences of natural things and of useful 
arts, to the glory of God the Creator and the 
advantage of the human race.’”’ And whatever 
conception each of us may form for himself of 
the eternal mysteries which are beyond the reach 
of our science, we need, even today, | suggest, no 
better definition than this of our proper objects 
and aspirations as scientists. The ideal which 
it presents should satisfy the advocates of the 
extension of scientific knowledge as an aim in 
itself, as well as those who insist on its service of 
social needs, but it does not lead us directly to a 
simple and specific diagnosis of a cause for the 
malady, by which this ideal is now threatened 
with corrosion and defacement. 

More than sixty years later Benjamin Franklin 
gave a simpler and more practical definition, 
framed with that terse economy of words which 
marks the style of those who know the use of our 
English language at its noble best. It was in the 
form of a question, requiring an affirmative 
answer from every candidate for admission to 
the Junto, that earliest of American learned as- 
sociations, to which ‘“The American Philosophi- 
cal Society held at Philadelphia for promoting 
useful knowledge”’ traces its origin. ‘‘Do you 
love truth for truth’s sake, and will you endeav- 
our impartially to find and receive it for your- 
self, and communicate it to others?” If we were 
asked to propound an oath, a formal profession 
of faith and conduct, for the acceptance of every 
scientist in the world today, I should doubt our 
ability to improve on this one of more than two 
centuries ago. If we give to each word of this 
declaration, as we should, the full weight of its 
proper meaning, it embodies an uncompromising 
rule of scientific conduct and, therewith, a 
charter of scientific freedom. ‘To communicate 
impartially to others the scientific truth, which 
one has found and received impartially for him- 
self’’—here, surely, is a rule which, if the scien- 
tists of the world could have accepted it and kept 
it faithfully, would have made it impossible for 
the world to misuse science as in these recent 
years. Secrecy, as Franklin saw, is alien to the 
very spirit of science, and it is the main infection, 
I suggest to you, from which science sickens today. 

If you glance back over the history of modern 
science, from its beginning in the sixteenth and 
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seventeenth centuries, | think that you will find 
that it hasalways been so. Secrecy, due in this 
case to a morbid sensitiveness to criticism or 
controversy, blemished even the noble character 
of Isaac Newton, and cast a cloud on the splend- 
our of his fame. It almost robbed the world of 
the Principia, that crowning achievement of the 
human mind, and it involved Newton in an ex- 
change of claims and accusations with Leibnitz, 
discreditable to both of them as well as to the 
societies which espoused their causes, and even 
threatening a rift, on national lines, in the com- 
pletely international community of science in 
the Europe of those days. We have all been 
long familiar, from direct experience, with the 
breaks which secrecy may cause in the clear and 
confident understanding between individual col- 
leagues in science, and with the embarrassment 
which it may introduce into what should be most 
helpful relations between workers-in free and 
academic institutions and their colleagues who 
are engaged in special researches for industry or 
government; but these, till recently, have been 
but small clouds in a generally clear sky. The 


right and the duty to tell the world the truth 
which we discover, without regard to the inter- 
ests of any person, prejudice, creed, political 


theory, or national policy has been the central 
item in the charter of our scientific freedom. 
The effect of war on this freedom of science 
became prominent first with the earlier world 
war. Scientists, loyally ready then as more re- 
cently to aid their nation’s cause, thought it 
little sacrifice to submit to an unfamiliar and un- 
weleome secrecy, when others were sacrificing 
all their natural instincts and often their lives. 
And in 1918 most of the scientists, like most of 
the warriors, returned joyfully to normal life and 
normal standards, with the hope that such a call 
would never come again. When this hope 
proved vain, the call was for science and scien- 
tists as never before to meet the new threat from 
an enemy who had already enlisted most of the 
science of his great nation in secret preparation 
for an attack on the world’s freedom. And to 
meet this menace we free peoples found ourselves 
obliged to submit again to the invasion of our 
scientific activities by secrecy, to a degree be- 
yond any which had so far been regarded as 
possible. Secrecy percolated into domains which 
all earlier wars had held sacred; so that we, for 
example, whose work was in the medical sciences 
found ourselves involved in an_ inconsistency 
which still paid a conventional respect to that 
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immunity of medical equipment and personnel 
which a more scrupulous age had established, 
but compelled us, in the name of total war, to 
throw a veil of secrecy over the new discoveries 
which could make their work of mercy really 
effective. To all this and much more we loyally 
submitted. And now that science has done its 
part, and the war has been won, we look for the 
freedom that victory was to ensure. Do we find 
it? Or do we find science still wearing its war- 
time fetters, in the interests of a right assumed 
for any nation, at peace, to make secret prepara- 
tion for the destruction of its neighbours? 

What, then, are we to do, as the scientists, not 
of one nation or group of nations, but of all or, if 
not yet all, of as many as we can effectively reach 
with a call for such common action? Let it be 
understood, first, that there can be no question 
of anything less than perfect fidelity to pledges 
given and not yet relinquished, or of any claim 
by scientists to more than their due and demo- 
cratic share in shaping the policies of the nations 
which claim their loyalties. That being under- 
stood, we have surely the right and the duty to 
give urgent warning of any danger threatened 
by those policies to the integrity of science, 
which we, the world’s scientists, should hold as a 
sacred trust not for any nation but for the world. 
| hold it to be our right and our duty to unite in 
telling the world insistently, that if national 
policies fail to free science in peace from the 
secrecy which it accepted as a necessity of war, 
they will poison its very spirit; that those men 
whom the world can least afford to spare from 
the service of science, the men with the vision 
and the inspiration that can survive only in 
freedom, will be diverted from the lines of re- 
search in which their genius would most natur- 
ally find its fruition, or will even decide to give 
their service to humanity in other spheres than 
that of science; that science will languish, and 
that all the fair promise which it offers of a 
harvest of human prosperity, culture, and 
happiness will be blighted and withered. We 
need only look at Hitler’s Germany to see how 
the enslavement of science, to prepare in secret 
for war, can in a few years destroy much of the 
true scientific activity which, not long ago, stood 
high among the gifts of a great nation to the 
world. On such a matter we must be clear and 
uncompromising in our attitude. We may be 
told that the abandonment of national secrecy in 
science would make the retention of any kind of 
military secrecy impossible, and that this would 
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compromise rights of national sovereignty. We 
must reply, | think, that as scientists we are 
concerned, not with the maintenance of military 
secrecy or of national sovereignty, but with that 
of scientific freedom; that if national sovereignty 
means a right of any nation to prepare in secret 
for the destruction of others, and to use science 
for that purpose, its maintenance will destroy 
the spirit of science as we have known it, while 
it brings all civilization within sight of its end; 
and that only an abandonment of that claim will 
make it possible for us to rebuild an international 
community in science, and therewith to remove 
from the world the threat of a measureless 
disaster. 

Apart from such united protest, can we do 
anything more practical and immediate? We 
should, of course, use all our effort and influence to 
increase the effectiveness and the range of the 
international scientific unions which came into 
existence after the First World War, have sur- 
vived the Second, and are now to be one of the 
activities recognized and supported by UNESCO 
The discussions in which we have been engaged 
in these days of international conference with 
the promise they afford of a persistent coordi- 
nated effort to promote meetings of the interna- 
tional unions and of wider international con- 
gresses, are all of great value. Even more im- 
portant, however, is a constant effort to secure 
the removal of any barriers which still prevent 
us from wandering freely and informally into the 
institutes and laboratories of our fellow scientists 
in other lands, as many of us can remember 
doing in earlier days. But, above all, we ought 
to keep clearly before us the fact that the future 
of science is in the hands of the young men 
entering its service. I think that we might con- 
sider whether the universities of all the nations 
where freedom is valued could be moved to 
common action to ensure that these new re- 
cruits to science learn the full meaning of its 
freedom, and the world’s need that they should 
be alert to defend its integrity. Would it be 
possible, | wonder, for the world’s universities 
to require an undertaking from every candidate 
for graduation in science, or, for that matter in 
any other department of true knowledge, such as 
Franklin prescribed for admission to his Junto— 
to love truth for truth’s sake, and impartially to 
find, receive, and communicate it? Or, since 
the most potent teacher is example, could not 
the universities of the world unite in banning 
secrecy from any activities of their departments? 
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In many countries, if not in all, the times are 
past when science in the universities can look for 
adequate means to charitable endowments. 
Academic science everywhere must increasingly 
look to the state or to industry for financial sup- 
port. Is it possible to consider an agreement by 
which the universities of separate nations first, 
perhaps, and eventually of all, would bind them- 
selves never to accept contracts for research, 
either from state or industry, except under con- 
ditions ensuring complete freedom to make 
known the results to all the world? It may be 
that in some country the universities have al- 
ready made such an agreement effective; but, in 
any case, its general acceptance would surely do 
something to establish a tradition of full freedom 
for science with those to whom the torch will 
soon be handed. 

Let me, in conclusion, say but a few words on 
the place of science in the moral structure of our 
civilization. As the Middle Ages ended, there 
grew, with the revival of ancient learning and the 
spirit of mental enterprise which it liberated, a 
new body of secular knowledge, won by man’s 
own effort and enquiry and, therefore, disting- 
uished as human or humane, from the knowledge 
termed divine, as having been revealed by God 
and interpreted by the Church. It might simi- 
larly have been distinguished as profane knowl- 
edge, from that which was sacred. I think that 
there can be no doubt that all the natural and 
mathematical science which then existed would 
have been included in this new tradition of 
humanism. Nomenclature suffers curious and 
anomalous changes of use; and we, who have 
allowed the word science, meaning all knowledge, 
often to become limited in common usage to that 
aspect of knowledge which is the subject of our 
own studies and practice, are not in a strong 
position to criticize our colleagues whose work is 
in literature and the fine arts, in history, moral 
philosophy, and theology, when they claim 
for these alone the description “humane studies,” 
or speak of them more briefly as ‘the humani- 
ties.” But, while we may condone this as a 
freak of terminology, we must strongly resist any 
attempt to base on it, and on the verbal ambigu- 
ity in which modern usage has involved it, an 
implication that only these studies can create 
and strengthen an attitude to the world and its 
affairs which is humane in the moral sense, and 
that science, by contrast, creates an outlook 
which sees only material issues and is blind to 
moral ones. The new revelation of danger to the 
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world, from the use of science in war, has given 
an obvious opportunity to those who sincerely 
dislike science, and have viewed its growing in- 
fluence with distrust and resentment. It is not 
surprising, then, to encounter the warning that 
science is leading the world headlong to disaster, 
and that only the humanities can bring back to it 
the moral strength and the wisdom needed to 
give it peace and safety; but | say that we ought 
most firmly to contest any such implication. 
We ourselves deplore and denounce the misuse 
of science as a weapon, and desire with a painful 
urgency to see it ended; but to be made an instru- 
ment of war is not to be the cause of the moral 
and mental attitude by which wars are engend- 
ered. Theological controversy, differences of 
dogma and of ritual have, in the past, formed a 
basis of provocation for wars which have laid 
large parts of Europe waste. They are still a 
cause of political antagonism and _fratricidal 
violence in Europe and farther East. Historical 
truth has been and is still being debased and 
perverted to arouse national ambitions, rival- 
ries and antagonisms, which political philosophy, 
literary and pictorial art, poetry and rhetoric can 
be misused to fan into open flame. We shall not, 


on that account, accuse theology, history, 


literature, or the fine arts of being, in themselves, 
the causes of wars; but we shall not accept the 
imputation for science, or concede to studies 
which have, at best, not prevented wars hitherto, 
the possession of an exclusive secret for educat- 
ing the moral sense of mankind into abandoning 


them now. The moral education of mankind 
needs all that can be offered by man’s sincere 
seeking for the truth in any of its aspects, and 
by any means. Science has been associated 
with the other cultural activities of mankind in 
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UNESCO, the Educational, Scientific and Cul- 
tural Organization of the United Nations; and 
science has indeed a contribution of its own to 
make to the cultural and moral equipment which 
mankind so urgently needs, not less than that 
made by any body of knowledge, art, or educa- 
tional discipline. It is not without significance 
that, whereas history, literature, art, and even 
religion, all have national characters and local 
attachments, science alone of man’s major 
intellectual interests has no frontiers and no 
national varieties; that science, like peace, is one 
and indivisible. We should admit no claim of 
the studies which concern themselves with the 
past achievements of mankind, however great 
and noble, to an exclusive value as a moral dis- 
cipline, or to superiority, as a training for men to 
face the problems of the modern world, over 
science which looks to the future and strives 
forward and upward towards higher points of 
view, commanding an ever receding horizon of 
knowledge of material nature, and binding an 
ever widening range of natural forces to the 
service of mankind and the enlargement of 
human happiness. And _ science, we should 
insist, better than any other discipline, can hold 
up to its students and followers an ideal of 
patient devotion to the search for objective 
truth, with vision unclouded by personal or 
political motive, not tolerating any lapse from 
precision or neglect of any anomaly, fearing only 
prejudice and preconception, accepting Nature’s 
answers humbly and with courage, and giving 
them to the world with an unflinching fidelity. 
The world cannot afford to lose such a contribu- 
tion to the moral framework of its civilization, 
and science can continue to offer it only if science 
can remain free. 
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My communication sought to be both an in- 
terim report on certain astronomical researches 
that involve international activities, and a syn- 
opsis of current trends in astronomical work on 
a world-wide basis. Since the paper, as given 
in the symposium with formulae and many pho- 
tographs, is not suitable for full reproduction in 
the Proceedings, | shall present here only a brief 
summary. 

1. Of all the sciences, astronomy most nat- 
urally and easily operates on a multi-national 
basis. More than a score of international com- 
mittees in the astronomical field are in exis- 
tence, some of which are very active. At sev- 
eral American observatories the scientific staff 
is of international composition. At the Harvard 
Observatory, for instance, more than a dozen 
nationalities are represented. 

A conspicuous example of international coop- 
eration was the campaign for observations of 


the asteroid Eros, at its very favorable 1931 op- 
position, when its nearness to the earth and its 
motion made it unusually effective in providing 
a new and highly accurate determination of the 
fundamental distance value of the solar system 
—namely, the mean distance from the earth to 


the sun. Astronomers of thirty observatories 
of fifteen nations participated in the unified pro- 
gram, most of them from government observa- 
tories. Under the auspices of an international 
commission the English Astronomer Royal an- 
alysed the results. Ten years later, in the midst 
of the World War, he announced the new value 
—93,008,000 miles, with a probable error of 
scarcely more than one per cent of the sun’s 
radius. Italian, German, and Japanese obser- 
vations played a significant role in the anal- 
ysis. 

2. There are many inter-observatory collabo- 
rations that cross national boundaries. The large 
government observatories cooperate in the prep- 
aration of tables for the various national nau- 
tical almanacs. The Harvard Observatory in 
different research projects works jointly with 
the British Observatory at the Cape of Good 


Hope, with the astronomical laboratory at Gron- 
ingen in Holland, and in a three-way enterprise 
with the leading observatories of Eire and North 
Ireland. 

3. All the American observatories are now col- 
laborating in a partial restoration of the astro- 
nomical libraries in Poland which were de- 
stroyed in the war. The Harvard Observatory 
is preparing to make a long-term loan of an 8-inch 
photographic telescope, for spectroscopic studies, 
to the newly created Polish observatory at Torun 
where Copernicus was born. 

4. An International Observatory that will help 
replace the devastations of war, and provide to 
the astronomers of the smaller nations opportu- 
nities to use large instruments, is under consider- 
ation by astronomers and by the Science Divis- 
ion of UNESCO. 

5. An example of the sort of astronomical prob- 
lem that is so large and involves studies of so 
many parts of the sky that workers in many lat- 
itudes and longitudes can effectively coordinate 
their researches to the end of a fuller and more 
expeditious solution, is the study of the dimen- 
sions and over-all structure of the galactic sys- 
tem. In this research we make use of faint vari- 
able stars of the Cepheid type, and the back- 
ground of faint galaxies which serve as an indi- 
cator of the clarity of interstellar space. The 
problem has three parts—the Galactic Nucleus, 
the Anti-center Region, and the high galactic lat- 
itudes where the extent and nature of the sur- 
rounding “Star Haze”’ can be examined. 

To study the Galactic Nucleus (some thirty 
thousand light years distant) photographs made 
in southern latitudes are most effective. Hun- 
dreds of Cepheid variable stars must be disco- 
vered and measured for periodicity and bright- 
ness, and ‘‘windows” in the Milky Way dust 
clouds must be found and explored as near as 
possible to the galactic circle. The direct attack 
on the partially obscured nuclear regions in Sag- 
ittarius can be helped somewhat when red-sen- 
sitive emulsions are used. 

The study of the Anti-center Region follows 
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similar lines, but it is a field chiefly for northern 
telescopes. Cluster-type Cepheids in low lat- 
itudes are of most significance in this research. 
ive hundred speci: ' photographs are now avail- 
able for the work, which will require several 
years to complete. One goal is to discover the 
distance to the rim of our Galaxy. 

The existence of a dilute haze of stars sur- 
rounding the wheel-shaped Galaxy is now pretty 
well demonstrated by the studies of faint high- 
latitude cluster type Cepheids. Stars that are 
more than thirty thousand light years from the 
galactic plane show that the envelope is of great 
extent. It may be composed of ‘‘escape’’ stars. 
Its dynamical characteristics are of high impor- 
tance to theories of the evolution of the galactic 
system. The new Schmidt-type reflectors will 
add greatly in all these studies that combine 
work on faint variables and on the background 
of faint and distant external galaxies. 

Taking part at the present time in the studies 
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cf the faint and distant variable stars are astron- 
omers in Russia, Denmark, Germany, Holland, 
South Africa, and the United States. 

6. In connection with the survey of interna- 
tional opportunities and responsibilities in as- 
tronomy and in many other sciences, it should 
be pointed out that in this particular problem of 
our Galaxy we have a challenge. We now have 
experience in international cooperation, we know 
the appropriate photometric techniques, we have 
the instrumentation available, and have made 
a large step in laying the ground work through 
the accumulation of thousands of appropriate 
photographs. Moreover, we have a recognized 
goal—to seek knowledge of the distances in the 
galactic system and of the earth’s place in this 
Galaxy and in the system of galaxies. But the 
research is too big for a private attack; it is a 
world-wide opportunity that has opened up. It 
is a long time project. International peace, ob- 


viously, is the number one necessity. 
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OCEANOGRAPHY is by far the youngest member 
in the family of sciences which is passing review 
today. Until the turn of the century it was 
mainly a descriptive science, but since around 
1900 many of the observed conditions in the 
oceans have been interpreted in the light of our 
knowledge in physics and chemistry. Ocean- 
ography has developed towards becoming an 
exact science. The development has been slow 
because oceanography has suffered and_ still 
suffers from the same conditions which admit- 
tedly have existed and still exist in meteorology 
and which were described by Angot who about 
70 years ago said that too many persons take 
observations and too few do the thinking. The 
slow development can also be ascribed to the fact 
that few men in the fields of physics and mathe- 
matics have been attracted by the problems of 
the seas. 

It appears that now there can be anticipated 
a rapid advance in applications of oceanography. 
It is true that Benjamin Franklin wrote his 
famous paper on the Gulf Stream for the benefit 
of mariners, that a century ago M. F. Maury 
introduced systematic applications of ocean- 
ography to navigation and that since around 
1900 applications to fishery problems have been 
increasing, but as a new feature the last war 
demonstrated many other possible uses of peace- 
time importance. In this country there has, 
therefore, suddenly been created a demand for 
trained oceanographers, and I should believe 
that similar demands have arisen in other coun- 
tries as well. 

In this country the greatest single step which 
has been taken during the past year is the estab- 
lishment of a division of oceanography in the U. 
S. Navy Hydrographic Office, a division which 
is charged not only with the presentation of 
oceanographic information of interest to the 
Navy and the Merchant Marine, but also with 
the responsibility of carrying out basic research 
on problems within the field of interest to those 


* Contribution from the Scripps Institution of Ocean- 
ography, New Series, No. 316. 


organizations. It can be confidently expected 
that with more trained oceanographers available, 
organizations engaged in fishery research, in 
geological studies of the continental shelves, in 
studies pertaining to problems of navigation in 
coastal waters or to beach erosion, and the 
building of harbors and beach structures will 
make increasing use of experts. 

This development will lead to an enormous 
expansion of activity in the field of oceanography. 
Before the last war it was not possible to en- 
courage young students to specialize in ocean- 
ography because there existed only a few open- 
ings at research institutions. Now the picture 
is completely changed, now there is every reason 
to attract able students to the field because they 
can find employment in the applied fields or they 
can be attached to research establishments, 
depending upon their specific abilities and inter- 
ests. 

I am not familiar with the corresponding de- 
velopments in other countries, but, judging from 
numerous inquiries as to the possibility of train- 
ing in this country, I have reason to believe that 
oceanography will be advanced in nearly every 
country with sea borders and interests in the 
high seas. 

Developments of this nature will make it 
imperative that the international cooperation in 
the field of oceanography be greatly strengthened 
in order that we can all benefit from each other's 
experience and in order that work carried out by 
different nations can be readily fitted into the 
world-wide pictures we hope to develop. Prior 
to the war there existed two world-wide inter- 
national organizations which are now resuming 
their functions. I refer to the International 
Hydrographic Bureau at Monaco and to the 
International Association of Physical Ocean- 
ography which also deals with the chemistry of 
sea water and with bottom topography and 
sedimentation. These two organizations can 
be compared to the International Meteorological 
Organization and the International Association 
of Meteorology. The former, the I.M.O., is 
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primarily a technical body composed of the 
directors of the Meteorological Services of the 
different countries and of a large number of 
specialists. It has to insure that uniform meth- 
ods of observations are used, that international 
codes are prepared, that adequate networks of 
stations are established, and that the exchange 
of information needed in daily weather fore- 
casting and for climatological purposes takes 
place smoothly. The I.M.O. functions through 
a number of permanent committees on which 
the best technical knowledge is represented, re- 
gardless of nationality. 

Before the war the International Hydro- 
graphic Bureau fulfilled some of the similar 
functions in oceanography but the scope of its 
work was confined to matters of safe navigation; 
the membership at its conferences was restricted 
and its conferences were held at widely spaced 
intervals. 

The International Associations of Physical 
Oceanography and of Meteorology are intended 
to be similar in composition and functions. 
They should both deal with the scientific aspects 
of their respective fields, but actually the As- 
sociation of Physical Oceanography has taken 
over work which in meteorology lies within the 
sphere of the International Meteorological 
Organization and it has dealt with a number of 
technical questions. Obviously, one cannot and 
should not separate completely the research 
problems and the technical problems, but it 
should be possible to define the functions of the 
two bodies more clearly, and in particular to 
strengthen greatly the International Hydro- 
graphic Bureau and to expand the scope of its 
activity beyond its present limits. Such a step 
would, | believe, greatly benefit the scientific 
activity in oceanography. 

| suggest that, in order to provide for smooth 
cooperation in all technical matters, the Inter- 
national Hydrographic Bureau should be or- 
ganized more along the lines of the I.M.O. with 
the hydrographers of the different nations or 
their technical representatives forming a body 
comparable to that of directors of the Meteor- 
ological Services. In addition the organization 


should have a large membership, a number of 
standing committees, and should arrange fre- 


quent meetings. Membership in the Bureau 
and the Association should to a great extent 
overlap, in order to facilitate the equitable dis- 
tribution of problems and work between the two 
bodies. In the future the International Hydro- 
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graphic Bureau should be concerned with such 
matters as uniformity of standard oceanographic 
observations and uniformity of publications, and 
should encourage different countries to partici- 
pate in large enterprises or to fill in gaps in our 
factual knowledge of ocean areas. Until this 
can be accomplished the Association must con- 
tinue its consideration of technical matters, but 
in the future such questions should be settled by 
the Bureau. 

There exists another feature with bearing on 
international cooperation which I believe needs 
to be emphasized: To facilitate cooperation the 
oceanographic stations and institutions must be 
adequately. staffed with scientific, technical, and 
clerical personnel. Only if this condition is 
fulfilled can routine observations be analyzed, 
discussed, and published in a reasonable time, 
only then can the scientific staff follow in detail 
the activities at other stations and in other 
countries, and only then can there be time for 
free exchange of unpublished information. To 
date, a very large fraction of all our knowledge 
of the oceanography of the open oceans has been 
collected on large expeditions but the results 
from these have been painfully slow in appearing. 
Each organization has been understaffed and 
advance provisions for the analysis of the ob- 
servations and collections and for publication 
have generally been lacking. 

Work at sea is expensive. It is poor economy 
to spend large sums on expeditions without 
providing funds for discussion and publication. 
And it is poor economy to maintain a staff so 
small that its time must all be spent on its own 
problems, leaving little opportunity to become 
acquainted with work that is being carried on 
elsewhere and little possibility for travel to other 
stations and participation in congresses. These 
last remarks apply to research in general, but 
they are particularly pertinent when dealing with 
which are absolutely dependent on 
international cooperation. | wish to urge that 
governments which are now prepared to support 
oceanographic research bear this condition in 
mind and that they do not embark upon a pro- 
gram of observations without providing staffs 
which in reasonably short periods can extract 
the results of the field work and at the same time 
keep informed as to all development in the field. 

| have so far spoken in general terms. | shall 
now wish to illustrate the need for strengthening 
international cooperation by taking an example 
from one of the developments during the last 
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war. The example | have selected deals with 
studies of sea, swell, breakers, and surf which 
during the war were conducted intensively in 
Great Britain and in this country. At that time 
the primary purpose was to prepare forecasts 
for operations on the high seas and, particularly, 
for amphibious operations. In this country the 
work was sponsored by the Bureau of Ships and 
the Hydrographic Office and was carreid out at 
the Woods Hole Oceanographic Institution and 
at the University of California. It is gratifying 
that the results obtained so far are applicable to 
a large number of peace-time problems, and 
even more gratifying that the war work has 
greatly stimulated the study of ocean surface 
waves and kindred phenomena. So far, only a 
beginning has been made; much remains to be 
done and in this work international cooperation 
is needed. 

The forecasting technique as it stands now is 
based on the use of weather maps which give 
information as to the wind systems over ocean 
areas. Relationships have been established 
between the wind and the larger waves and, 
therefore, the sea raised under any given set of 
conditions can be estimated. Forecasts of the 


state of the sea can be made concurrently with 


meteorological forecasts. Knowing the waves 
that are present and the laws according to which 
these waves travel through regions of calm, the 
character of the swell reaching a distant coast 
can be computed and the time of arrival of the 
swell can be forecast. In all this forecasting, 
accurate weather maps are indispensable, and 
the first requirement of successful peace-time 
applications of wave forecasting is therefore that 
through international cooperation adequate 
weather information be obtained from the ocean 
areas. Such information is required in con- 
nection with the increasing aviation over the 
oceans, and provisions are being made for main- 
taining weather ships at sea. I am therefore 
confident that, thanks to extended cooperation 
in weather forecasting, the wind systems over the 
ocean will be at all times well known. 
Forecasting the character of the swell that 
reaches a coast, however, is only part of the 
task. The next step is to forecast the trans- 
formations which take place when the swell 
advances into shallow water and to estimate for 
a specific locality the intensity of the wave 
action. This can be done if the effect of shoal- 
ing water, the configuration of the coast line and 
the slope of the bottom are known. The effects 
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of submerged ridges and of submarine canyons 
can be evaluated, and the often puzzling varia- 
tion in the character of the breaking waves along 
a given beach can be accounted for. 

During the war the studies were severely 
handicapped by the lack of reliable observations. 
Instruments were therefore designed for measur- 
ing waves at sea and swell off beaches. The 
records obtained demonstrate the extremely 
complicated character of the sea surface which 
every one of you who has recently crossed the 
ocean has observed. Not only do there exist 
waves of a large range of sizes when the wind 
blows, but even the most regular-appearing swell 
is composed of a number of wave trains. 

As yet, only instruments for recording swell 
in shallow water have been successfully de- 
veloped, using types which give a continuous 
record of the changing hydrostatic pressure as 
the swell passes over a pick-up unit at the 
bottom. Cables lead to shore where a photo- 
graphic record is obtained, showing the vari- 
ations in pressure, that is, the effect of the waves, 
as a boundary between the black and white 
parts of the paper. Every such record demon- 
strates the complexity of the swell. Obviously, 
records of this nature cannot be evaluated manu- 
ally but mechanical means have to be developed 
by which the essential features can be obtained 
in a short time._ An instrument for such rapid 
analysis was perfected in Great Britain during 
the war and has later been duplicated in this 
country, namely, an instrument for separating 
the periods of the recorded wave trains. This 
instrument renders a graph in which the wave 
periods appear along the abscissa and in which 
the ordinate gives a complex quantity depending 
upon the amplitude and occurrence of the differ- 
ent periods. 

This instrument has already been used ex- 
tensively and has greatly increased our knowl- 
edge of the phenomena. It has been shown that 
swell that travels with group velocity is preceded 
by long and low forerunners of periods up to 
30s. Recent studies by W. H. Munk indicate the 
possibility of tracking a distant storm by means 
of the recorded periods of these forerunners and 
of the local time change in the periods. The 
method is based upon equations which can be 
derived from the Hamilton-Jacobi wave equa- 
tions, the contents of which have not yet been 
fully explored. 

An analysis of the periods of the wave trains 
represents only the first step, however. In 
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order to obtain a complete picture of the contents 
of a record the amplitude of the waves in the 
different trains should also be found, or, if this 
is impossible, other quantities which would give 
information about wave heights should be ex- 
tracted. Only when such rapid methods of 
analysis have been developed will it be of ad- 
vantage to establish a network of swell-recording 
stations, because only then can the significant 
wave features be obtained from the records in a 
reasonably short time. 

This brings us to the international cooperation 
in this particular problem. The most urgent 
matter now is the problem of instrumentation 
which is being tackled in Great Britain and in 
this country, and possibly in others. Until this 
instrumentation has been perfected the organ- 
izations working with these instruments must 
remain in close contact with each other and 
ultimately they must agree upon specification 
as to the type of equipment which should be 
recommended for general use. When this equip- 
ment has been decided upon, the question will 
arise as to the establishment of an international 
network of swell-recording stations and as to 
methods of rapid exchange of information. Such 
a network will serve several purposes. It will 
render observations for further studies of the 
characteristics of waves at and for the 
testing of new hypotheses. It will provide data 
which will facilitate the analysis of ocean weather 
maps, data needed in forecasting of sea and swell 
conditions of importance to air routes over the 
ocean, and data indispensable to problems re- 
lated to beach erosion and coastal structures. 
In order to achieve this end efficient and com- 
petent international organizations must direct 
the development. 

| have so far talked exclusively about the 


sea 


international aspects in physical oceanography 
but it should, indeed, be remembered that in its 
broad sense oceanography comprises all marine 


including fisheries research. There 
exist several organizations which are interna- 
tional but not world-wide in scope and which are 
concerned primarily with questions in marine 


sciences, 
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biology, to which physical oceanography ap- 
pears as an auxiliary science. Several of these 
have functioned very efficiently, but I am under 
the impression that they would have benefited 
by having more contact with each other. 

I suggest that it may be desirable to establish 
world-wide scientific and technical international 
organizations which shall deal primarily with 
the food resources of the oceans—organizations 
under which many of those in existence should 
continue to function as regional groups. In 
order to provide for cooperation and exchange of 
ideas there should be a considerable overlapping 
membership of these organizations and of the 
international bodies in physical oceanography. 
One might suggest that work in all marine sci- 
ence be incorporated in one single international 
organization but this, | believe, would be im- 
practical because too many diverse interests 
would be represented. It seems better to create 
two different groups of organizations, one 
physical-chemical-geological, and one biological, 
with overlapping memberships. 

We are facing a great development in ocean- 
ography leading to new international aspects. 
| may summarize these as follows: (1) Increased 
support of oceanographic research by all mari- 
time nations. This support must provide not 
only for field work but also for analyses, publi- 
cation, and travel. (2) Strengthening and 
expansion of the International Hydrographic 
Bureau in order to achieve a broad representa- 
tion of the technical aspects of physical-chemical 
oceanography, submarine topography, and sub- 
marine geology. (3) Establishment of world- 
wide scientific and technical international organ- 
izations dealing with the food resources of the 
oceans on the broadest possible basis. 

In conclusion, let me express the hope that the 
interest in oceanography which has been so 
much advanced during these past distressing 
years will continue to grow during a long period 
of peace, that oceanographic research can be 
resumed by our former enemies, and that peace- 
time applications will fully justify the expendi- 
ture of ample funds. 
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on Present Trends and International Implications of Science) 


THE science of geophysics is very broad and 
unites many interlocking fields of the earth 
sciences. It comprises in its purview the 
physical processes and properties of the litho- 
sphere, the hydrosphere, and the atmosphere. 
In this paper we shall restrict our attention to 
those branches of geophysics which have inter- 
national associations devoted to them in the 
International Union of Geodesy and Geophysics 
and which are recognized as sections in the 
American Geophysical Union, the geophysical 
arm, so to speak, of the National Academy of 
Sciences. That is to say we shall consider ter- 
restrial magnetism and electricity, atmospheric 
electricity, geodesy, hydrology, meteorology, 
oceanography, seismology, and volcanology. 

Each of these branches of geophysics has both 
observational and experimental phases. Each 


depends in part on the organized scientific co- 
operation of many people and in part on the 


lonely research of the individual scientist in a 
corner of his laboratory. Each presents some 
problems that can be solved in a single locality 
and other problems that transcend international 
boundaries and call for data from all parts of the 
world. Each of these sciences interlocks with 
every other and has naught to lose and every- 
thing to gain by viewing its problems against 
the general background of geophysics of which it 
is a part. 

My task of reporting on the whole of geo- 
physics in so short a time has been rendered much 
less onerous by the able papers that were previ- 
ously read on two of these sciences, Meteorology 
by Doctor Rossby and the other on Oceanog- 
raphy by Doctor Sverdrup. 

In the difficult times that have just passed, all 
of the geophysical sciences suffered seriously 
through the displacement of scientists, the 
disrupting of communications, the cutting off of 
supplies, and the destruction of many labora- 
tories and observatories. On the other hand the 
demands of global warfare and the lavish ex- 
penditure of funds on war research have brought 
about individual advances in the geophysical 
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sciences that otherwise would have required 
decades of years for their development. 

Thus everyone is familiar through popular 
writings with some of the military uses of radar 
during the war; but few people outside scientific 
circles realize either the geophysical origin of 
radar in the pulse reflection studies of the iono- 
sphere or the subsequent advances in our 
knowledge of atmospheric electricity that were 
rendered possible by the intense and accelerated 
wartime radar research, or that came out of it 
as a by-product, so to speak. 

Earth current observations and perturbations 
of the ionosphere in connection with auroral 
activity and magnetic storms were continued 
during the war and were published in part in 
such journals as Terrestrial Magnetism and 
Electricity. But these published reports re- 
mained unknown to most of the scientific 
workers over the world because of the lack of 
intercommunication and of mail service. On 
the reverse side of the picture we find that many 
magnetic observatories were discontinued and 
some were destroyed or pillaged as in the East 
Indies. It was impossible because of the war 
conditions to organize expeditions into other 
countries or to carry out the measurements over 
the oceans which are necessary for the construc- 
tion of magnetic maps. 

One of the outstanding successes in geomag- 
netism which was greatly accelerated by war 
needs was the development of the airborne 
magnetometer of the fluxgate type. It promises 
much both for scientific mapping of magnetic 
intensities and for magnetic prospecting over 
large areas and in regions that are difficult of 
access on the ground. An instrument of this 
type was under development by the Gulf Oil 
Corporation when the war broke out. As an 
instrument for detection of submarines, it was 
perfected by Gulf in cooperation with the Sperry 
Gyroscope Corporation and by the United 
States Naval Ordnance Laboratory and the 
Bell Telephone Laboratory, and then was a- 
dapted to prospecting purposes by the United 
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States Geological Survey and used extensively 
in the search for strategic minerals even inside 
the Arctic Circle in Alaska. At the end of the 
war the various forms of airborne magnetometer 
were returned to civilian use under the United 
States Geological Survey and the geophysical 
prospecting companies. The rapidity with 
which relative magnetic measurements can be 
made in this way brings out in sharp relief the 
need of many more absolute magnetic stations 
of permanent character in all countries. 

Much information concerning atmospheric 
electricity has been gathered in the large scale 
cooperative study of thunderstorms which has 
been carried on by the United States Weather 
Bureau, the Armed Forces of the United States, 
the Department of Terrestrial Magnetism of the 
Carnegie Institution of Washington, and by 
several of the American universities. Excellent 
work continues to be done at Tucson, Watheroo 
and the Ebro. But many more geoelectric 
stations are needed. 

In the field of geodesy, the principal progress 
has been in methods of rapid mapping and in 
gravity surveying. Aerial mapping on a grand 
scale was stimulated by the needs of the Armed 
Forces and the rapid development in recent years 
of photogrammetry made possible the develop- 
ment of large scale methods for the interpreta- 
tion of immense numbers of aerial photographs 
and the construction from them of accurate base 
maps and even of topographic maps. By com- 
bination with previously available material, it 
was possible for the Armed Forces to piece to- 
gether a base map on a very large scale for most 
of the land areas in the world as well as of 
strategic portions of the oceans. 

The absorption of manpower into other fields 
curtailed the peacetime geodetic activities of 
Government agencies, such as first and second 
order triangulation and leveling and the estab- 
lishment of precision gravity stations; but this 
was in large part compensated by the need for 
controlled points in aerial surveys on the one 
hand and the stimulated activity in the search 
for petroleem, which brought about very con- 
siderable refinements in all the potential oil 
territory that was not actually engulfed in 
military operations. 

In passing we should not forget to mention 
the work of the Isostatic Institute of the Inter- 
national Association of Geodesy in Helsinki, 
Finland, which carried on its geodetic investiga- 
tions under circumstances that were almost 
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heroic. One major contribution was prepared 
for publication in the front line trenches. 

In the field of hydrology, international co- 
operation was brought to a standstill and man- 
power was largely diverted from domestic pro- 
jects during the war years. Nevertheless, much 
information of permanent value was gathered 
through private organizations and through such 
government agencies as the National and State 
Geological Surveys, the United States Reclama- 
tion Service, the Tennessee Valley Authority, 
and the United States Weather Bureau. 

The one branch of geophysics that has profited 
more than any other perhaps from the demands 
of global warfare is meteorology. The need of 
the airforces of the Army and Navy of all the 
countries engaged in the conflict necessitated 
the training of large numbers of young men, 
many of them with strong academic back- 
grounds, in the science of modern meteorology. 
This program had two effects: It created a pool 
of talent with a fresh outlook on the subject, and 
it freed and brought together for a concerted 
attack on the problems of world meteorology 
the best research minds in each of the countries, 
especially in the United States. It became 
necessary to face simultaneously not only the 
intricate and baffling problems of extratropical 
cyclones and frontal activities, but. also sub- 
tropical and tropical conditions in such widely 
separated areas as North Africa, the Caribbean, 
and the Western Pacific, and to combine the 
newly acquired knowledge of these regions with 
that of the polar air masses of the North Atlan- 
tic, North Pacific, and Alaska. It was an 
ordinary experience of research meteorologists 
to spend a few days in Northwestern Europe 
and then to be transferred to the environment 
of the Western Pacific only to return after a 
very short interval to assist in the programs of 
the meteorological training schools. The world 
was their laboratory. It is to be hoped that the 
ground won by the pooling of meteorological 
resources and the international cooperation of the 
United Nations in producing a world weather map 
from day to day will be carried on into peacetime. 

A major problem of the Navy in the protection 
of convoys and in the execution of offensive and 
defensive operations during the war was the 
sudden removal of all sources of information 
concerning hurricanes and typhoons at con- 
siderable distances from land stations. The 
usual reports of ships by radio would have be- 
trayed their location. One of the alternatives 
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was a constant airplane patrol in search of storm 
centers. This method of gathering information 
was both costly and dangerous and was not al- 
ways successful. Late in the war, advances in 
the development of radar made it possible for 
land based stations and ships and airplanes 
equipped with this apparatus to detect thunder- 
storms and typhoon cloud systems at distances 
up to three or four hundred miles. But the 
outstanding triumph was the detection, loca- 
tion, and tracking of hurricanes, and now also 
of typhoons, by means of a type of vibration in 
the solid earth which is in some way generated at 
the center of the storm and propagated as group 
microseisms to great distances. The funda- 
mental research on which the microseismic 
method of tracking hurricanes was founded 
dates back to 1937-1938 when Ramirez at Saint 
Louis University used a tripartite station con- 
sisting of four simultaneously timed seismom- 
eters arranged in a triangle with sides shorter 
than one wavelength to measure the speed and 
direction of propagation of these microseisms. 
He found that the bearings thus obtained always 
pointed either toward a hurricane or toward an 
extratropical storm on the ocean. In view of 
these results the United States Navy, under the 
direction of Captain Orville and the Aerological 
Service, appointed a geophysicist, Lieutenant 
Commander M. H. Gilmore, to organize a 
microseismic project in the Caribbean region, 
beginning with a tripartite station at Guan- 
tanamo Bay in Cuba in 1944, and proceeding to 
the establishment of tripartite stations in Puerto 
Rico and Florida in 1945 and in Trinidad and 
other points and expanding into the Pacific in 
1946. The crossbearings from these stations 
have located storms as much as two days before 
they were picked up by any land station and 
have tracked them continuously from hour to 
hour. The results showed that no hurricane or 
other storm could come within three to four 
hundred miles of these tripartite seismograph 
stations without detection and that storms of 
greater intensity could be located at distances of 
several thousand miles. It appears to be 
definitely proved that this type of microseism is 
generated by the storm and is propagated from 
the storm center. 

The development of the radiosonde, the ray- 
bal, the cycloray, and the rocketsonde, and their 
use at a comparatively large number of points 
have given us information concerning the upper 
air which has never before been available. 


GEOPHYSICS 81 


As in the case of meteorology, the usefulness 
to the Armed Forces of the methods used in 
physical oceanography, gave a great impetus to 
the development of new techniques of research. 
Advances have been made in the methods of 
both deep sea and shallow water seismic sur- 
veys. New techniques of core sampling and of 
underwater photography were developed in 
order to gain information about the sediments 
in place. Among the most promising results 
was the development by Maurice Ewing of the 
sound channel method of long distance signaling 
and triangulation and of the sound shadow tech- 
nique for the detection and location of shoals. 

The international phases of the field of seis- 
mology were completely disrupted by the war. 
Many well-known seismological observatories 
were completely destroyed. Among these were 
Manila, Guam, and a number of the German 
stations. Many stations were closed either for 
military reasons or for lack of supplies. On the 
other side of the picture, the diplomatic efforts 
to promote Western Hemisphere solidarity has 
led to lively interest in seismology on the part 
of several of the Latin American republics. 
Seismological services are being improved or 
established anew where there were none. First 


class seismographic equipment is being pur- 
chased and new stations are being erected. 
Much credit is due to the State Department and 
the Coast and Geodetic Survey of the United 


States for this development. The impulse 
given by the microseismic program of the 
United States Navy to instrumental develop- 
ment and construction has made available on 
the market new types of first-class seismographic 
equipment which is being purchased for the new 
stations in South America and elsewhere and for 
existing stations in the continental United 
States. Prominent among these is the Spreng- 
nether line of seismographs, both for the vertical 
and horizontal components and for long and 
short period earthquake vibrations. 

With the return of peace and the reestablish- 
ment of communications, international coopera- 
tion in the location of the epi-centers of earth- 
quakes js gradually being restored. During the 
war this service was restricted largely to the 
immediate determination of epicenters by co- 
operation of Science Service, the United States 
Coast and Geodetic Survey, and the Jesuit 
Seismological Association, and to the final 
compilation of results in the International Seis- 
mological Summary at Oxford. The _ Inter- 
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national Seismological Association was _ held 
together through the efforts of the President, 
Captain Heck, and the temporary appointment 
of Dr. Jean Rothé to succeed his father as 
Secretary and Director of the International 
Central Bureau, which had been removed from 
Strasbourg to Puy de Dome in the Pyrenees. 
With the coming of peace, the International 
Bureau was restored to Strasbourg. 

The field of tectonophysics is one in which 
contributions are most readily made by individ- 
uals and institutions. Hence this field has suf- 
fered principally from the draining off of scien- 
tific personnel to other projects more immedi- 
ately connected with the war effort and from the 
hiatus that has been created by the drafting of 
young scientists into the Armed Forces. It will 
be many years before this damage can be re- 
paired. 

Even under the shadow of war the field of 
volcanology received a strong impetus from the 
spectacular outbreak of the new volcano Pari- 
cutin in Mexico. Through the cooperation of 
American scientists and organizations with 
those of Mexico, a comprehensive program of 
investigations was planned and executed in- 
volving a study of the volcanic processes, the 


products of eruption, and the accompanying 
magnetic, electrical, and seismic phenomena. 
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Practically all stages of eruption and cone 
growth were recorded photographically from the 
ground and from the air. While nothing essen- 
tially new has been discovered, a correlated 
mass of data in the various fields has been col- 
lected which may lead to the solution of problems 
that were awaiting simultaneous sets of observa- 
tions of precisely this type. 

The conclusions that obviously follow from 
the existing circumstances in all these fields are 
three: First, every effort should be made by 
scientists in all countries to restore or where 
necessary to create the international organiza- 
tions which foster cooperation and to increase 
their usefulness through adequate international 
financing. Secondly, institutions and individ- 
ual geophysicists need to give their attention to 
filling the hiatuses created by the war. We 
must salvage as much as we can of the scattered 
data so as to restore, as far as possible, continu- 
ity of observations. Especially, we must exert 
every effort to fill the gap in the supply of 
younger men with adequate training in the 
various fields of geophysical science. Thirdly, 
the balance should be restored between basic 
research in geophysics and application to the 
solution of practical problems. We have been 
living on our capital in this as in other scientific 
fields. 
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LIKE the atomic scientists, we geologists and 
engineers cannot avoid questions of public policy. 
Minerals are the raw materials of the atomic 
bomb and the public questions involved in 
atomic minerals serve to dramatize problems of 
many kinds which affect other minerals in vary- 
ing degree. In presenting international aspects 
on the topic of minerals, therefore, I shall not 
confine myself to purely scientific questions but 
will attempt to sketch the problem as a whole, 
including its public relations. 

The scale of modern industry and of modern 
war is causing drafts on mineral resources with- 
out precedent in history, not only in volume but 
in variety. Technological advances require the 
use of an ever-expanding list of new minerals. 
Minerais are the raw materials not only of heavy 
industry but of all the implements of war—guns, 
ships, planes, shells. They also furnish the 
driving power. The human race has really just 
started to dig itself into the ground. 

The problem of future mineral supplies is 
two-fold—technical and political. Both are inter- 
national in scope. 


PART I 


NATURE OF THE SCIENTIFIC PROBLEM 


Geologists, mining engineers, and prospectors 
are busier than ever before in hunting for new 


mineral resources. The surface of the earth is 
now pretty well known but there are still exten- 
sive areas to be examined. Broadly speaking, 
the search from now on must be mainly below the 
surface of the earth and of the sea. This is re- 
quiring the use of new geologic techniques, in- 
cluding a great variety of geophysical and geo- 
chemical methods. ‘To mention only one recent 
development: the successful method of locating 
submarines from airplanes by magnetic means is 
being transferred to magnetic surveys of the 
earth which can now be made from the air as 
fast as a plane can fly. 

The depletion of higher grade mineral reserves 
is now requiring attention to new methods of 
concentration and recovery of minerals from low 


grade and complex ores. Many new methods of 
concentration are now being applied to iron ores 
and zinc and lead ores. We are learning how to 
recover vanadium from iron ores, from oil, and 
from phosphate rocks. We are learning how to 
recover aluminum from clays and other low grade 
sources. We have learned how to _ recover 
magnesium from sea water and dolomite. We 
are working on new methods of recovering 
manganese from deposits heretofore unused. 
We face the problem of separating uranium from 
a wide variety of low grade sources. 

The processing of minerals for ultimate use is 
requiring a bewildering variety of new metallurgi- 
cal and chemical methods. These in turn influ- 
ence the kinds of raw materials to be searched 
for. During the recent war the shortage of 
chrome, manganese, nickel, tungsten, and other 
ferroalloy minerals at different times and places 
led to vast improvements in the use of these 
minerals. I may mention our wartime develop- 
ment of the so-called National Emergency 
Steels which were new alloy combinations just 
as effective as the old but requiring less of the 
precious alloy minerals. In another category 
are the so-called superalloys necessary for jet 
planes, rockets, and projectiles, which are calling 
for rich alloys on a super scale. Some specialists 
think that technologic improvements in the 
future will make present superalloy specifica- 
tions appear wasteful. If not, the demand may 
run above the present world capacity for pro- 
duction. Quartz crystals have been radiated to 
improve the quality for use in radar. The list 
of technical studies could be expanded indefi- 
nitely. 

Scientists have long been interested in con- 
servation, not only in finding the necessary 
techniques, but in advancing their use. Con- 
servation is a primary consideration of any min- 
eral policy. When measured against the scale 
of modern needs, mineral reserves look smaller 
than in the past. No country now has enough 
of all minerals and even world supplies of some 
of them are beginning to appear deficient. The 
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rapidly accelerating rate of depletion has reached 
truly alarming proportions. 

By conservation we mean efficient extraction 
and use, not hoarding. Efficient extraction and 
use obviously require scientific and technical 
work at every turn. The conservational gains 
already made have come largely from scientists 
rather than government measures. 
scientists cannot do the job alone. Efficient 
extraction of minerals with a minimum of 
waste also requires continuity of operation and 
prices adequate to permit of conservation 
practices. An outstanding example of conserva- 
tion through stabilization is the huge saving of 
oil resulting from the cooperative efforts of the 
Oil States Compact. Excessive competition in 
the mineral industries in the past has resulted in 
overproduction and low prices which in turn 
have made it impossible to carry on the neces- 
sary conservational practices of extraction. 
kxcessive taxes have sometimes had the same 
results. Only the best and high grade parts of 
resources could be profitably extracted and the 
rest was often left in such condition that it could 
be recovered only at great expense, if at all. 

All of the scientific activities of the kinds | 
have mentioned are requiring cooperative effort 


However, 


by scientists on a scale never before approached 
an effort unavoidably international in scope. 
An immense variety of talent and laboratory 


equipment and field organization has_ been 
brought to bear. In the mineral field in general, 
including prospecting, private initiative is still 
peculiarly necessary, but the rugged individual- 
ism so characteristic of geology and mining is 
rapidly giving way to collective effort. Some 
of the projects now being planned in all of the 
technical fields | have named are beyond the 
capacity of individuals or even of industries 
without public aid. 


PART II 


INTERNATIONAL AND POLITICAL PROBLEMS 


| turn now to international and political prob- 


lems. These center largely on questions of 


supply and the growing necessity of moving min- . 


Mineral 
resources are most unequally distributed among 
the nations and continents. To a remarkable 
extent they are concentrated in a few large 
sources in a few nations. The industrial rev- 
olution, inaugurating the great use of minerals, 
started in England when coal and iron were first 


erals across international boundaries. 
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brought together by modern methods to start 
the iron and steel industry. From England it 
spread eastward through the coal areas of 
central Europe and west through the coal areas 
of eastern and central United States. Today 
this industrial or ‘“‘power’’ belt, extending from 
the Mississippi Valley eastward through Russia, 
accounts for more than 90 per cent of the world’s 
consumption of energy from coal, oil, and water 
power. Here is located more than 90 per cent 
of the world’s pig iron and steel capacity, and 
here is the heart of heavy industrial develop- 
ment. 

From this power belt has originated the de- 
mand for most of the world’s commercial min- 
erals. From here came the thrust of world 
mineral exploitation—for, as demand grew, it 
was necessary to reach farther and farther afield 
for necessary mineral supplies. The United 
States and England have been the principal 
exploiters—their commercial control now ex- 
tends to nearly all parts of the world. Of pri- 
mary importance also is the fact that they con- 
trol the seas over which minerals must pass. 

Today the Southern Hemisphere has less than 
3 per cent of the world’s coal, oil, and war- 
power production, and less than 2 per cent of its 
iron and steel industry, with an almost equally 
low percentage of the industries using minerals 
in general. The international flow of minerals 
is therefore largely northward. 

Outside of the industrial North Atlantic, sub- 
sidiary centers of industry are now developing 
in South America, South Africa, Australia, 
India, and Manchuria. But in no case do these 
centers possess the favorable combinations of 
mineral supplies of the kinds and amounts needed 
for building up units of industry at all compar- 
able with those in the great industrial belt of the 
North Atlantic countries. As the smaller cen- 
ters grow, so do the big ones. Also the full 
development of these outlying units of industry 
to a scale commensurate with their available 
mineral resources will be retarded for many de- 
cades by the power inherent in the momentum 
of large already established industries. 

For a long time to come the mineral resources 
of all the world will be mainly tributary to the 
great industrial centers already in operation. 
In the more distant future, with improved trans- 
portation, minerals may be assembled to create 
powerful new units by combining the resources 
of large regions, as for instance a great steel 
industry in eastern Asia based on the immense 
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coal resources of northern China and Manchuria 
and the equally large iron ore resources of India. 
Neither area in itself has both minerals in 
sufficient grade and quality. 

When the demands of industry were small 
they could be satisfied from many small sources, 
but expanding demands are becoming more 
focused on the few large sources of supply capable 
of meeting them adequately both in regard to 
quantity and cost. Not-nearly enough of these 
larger sources have yet been found to go around 
among the nations. Because of this trend, the 
interdependence of nations is already an estab- 
lished fact and is growing rapidly. 

Interdependence is also growing as a result of 
advances in technology which require the use 
in small quantities of many of the rarer minerals 
which are erratic in their international distribu- 
tion. For instance, radar and radio require the 
use of quartz crystals which are currently avail- 
able only in Brazil, and tantalum which is avail- 
able chiefly in Brazil and the Belgian Congo. 
The recent war has called for the use of thirty 
minerals used little or not at all in World War I. 

Depletion of reserves of some of the minerals 
of the leading industrial countries and the slowing 
of their discovery rates are also factors in grow- 
ing interdependence. 

Because of these trends, even the best en- 
dowed nations, notably the United States, are 
finding it necessary to look abroad for increasing 
proportions of their mineral supplies. During 
the recent war the United States had to import 
65 varieties of minerals. 

It is sometimes asserted that discovery, sub- 
stitution, and advances in technology will, in 
the future, upset the present status of inter- 
dependence. Conceding all these possibilities 
in some degree, geologists nevertheless believe 
that the salient features of the mineral geography 
of the world are now pretty well known, that 
the rate of discovery is definitely falling, and 
that it is now possible to predict fairly well the 
locations of favorable mineral environments yet 
to be developed. Likewise, the record of mineral 
substitution and advances in technology con- 
tain little promise of major change in distribution 
of production and in use of minerals. Trend 
lines of production and consumption of all min- 
erals have risen steadily for a long time. Spec- 
tacular local changes will occur in the future, as 
in the past, but for a long time to come these 
developments, measured on a world scale, seem 
unlikely to modify the picture sufficiently to 
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invalidate policies based on the present geo- 
graphic set-up. 

The very word “interdependence” brings to 
mind a complex of geographic, technical, com- 
mercial, and political factors which the mineral 
scientist cannot ignore. 


CONCENTRATION OF COMMERCIAL CONTROL 


As a direct consequence of Nature’s concentra- 
tion of minerals in a relatively few large sources 
and of the rapidly expanding scale of the in- 
dustrial use of minerals, commercial control has 
become concentrated into large units to meet the 
growing requirements efficiently and cheaply. 
Almost every one of the mineral industries isdom- 
inated bya relatively few largecompanies. Coop- 
erative bodiesof one type or another, national and 
international, in the form of trade associations, 
trusts, commodity agreements, cartels, and other 
forms of cooperation have grown correspondingly. 
On the whole, this trend has facilitated the nec- 
essary international flow of minerals and has re- 
sulted in cheaper and more conservational use 
of the world’s minerals. 

On the other hand, concentration of commer- 
cial control has sometimes resulted in restriction 
of output, artificially high prices, consumer dis- 
satisfaction, and international friction. The 
natural result has been a public cry for protection 
of the consumer, for more competitive trade 
(sometimes taking the form of antitrust legisla- 
tion)—in short, for complete freedom of trade. 
However, regardless of this cry, the trend to- 
ward concentration of commercial control has 
gone steadily forward as an inevitable result of 
the needs of expanding industry. 


SPREAD OF PUBLIC CONTROL 


Paralleling the concentration of commercial 
control, there has been a steady spread of public 
control. Minerals have been used since the 
beginning of history but only in the last few 
decades have they emerged as decisive factors 
both in war and industry and only then have 
come into the public consciousness. The con- 
trol of minerals and their movements have now 
become matters of public concern which has 
expressed itself in a great variety of ways. 

Great inequalities exist among the nations in 
the benefits derived from mineral development 
and trade, mainly because of the geography of 
mineral occurrence. The less favored nations, 
therefore, are doing everything possible to im- 
prove their position while the more favored ones 
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are doing their utmost to retain, consolidate, and 
increase the natural advantages they have. 

All countries are doing what they can to pro- 
mote discovery and development at home and to 
find means of using marginal and off-grade 
deposits so as to lessen their dependence on 
foreign sources. Nations with an unfavorable 
exchange position are buying where they have 
exchange or where they can barter. Bilateral 
trade agreements also channelize the flow. 
Multiplying trade barriers, including tariffs 
and quotas, some of them preferential or dis- 
criminatory, are deflecting some of the natural 
lines of flow. Certain cartels and monopolies, 
with government participation, have introduced 
undesirable restrictions. Closed door measures 
of bewildering variety have slowed up activities 
of aliens to such an extent that exploitation of 
the world’s minerals has become a political as 
well as a technical and commercial problem. 
Governments are intervening more and more in 
the ownership, operation, and transportation of 
minerals and in their import and export, for the 
purpose of correlating national economic policies. 
In the extreme case of Russia, normal mineral 
economics are largely superseded by considera- 
tions of over-all economic and _ political plans. 
The scramble for raw materials has become a 
prolific source of international friction. 

The United States has not gone as far as many 
other nations in establishing public controls of 
minerals, but it is already farther along on this 
path than most people realize. One need men- 
tion only the Leasing Act on public lands, the 
control of helium, the recently enacted control 
of uranium, the Oil States Compact, our twenty- 
two mineral tariffs, special mineral taxes of the 
states, and the extensive war controls which as 
yet have not been fully liquidated. 

Although many of these autarchic efforts have 
been dictated by the desire for normal industrial 
improvement, it is a well-known fact that many 
others reflect preparation for war and the desire 
to be as independent as possible of the need for 
international mineral flow in wartime. Some of 
the most uneconomic steps in this field can be 
traced definitely to war preparation. However, 
even if the war motive were eliminated, many 
deviations from ideal conditions of world pro- 
duction and of flow of minerals among the nations 
would still remain. 


Just another word on the security question. 
All nations attempting to maintain military 
establishments of any size are planning to ac- 
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cumulate stockpiles of minerals against future 
emergencies. This will add a very large de- 
mand for raw materials over and above ex- 
panding industry requirements. I merely want 
to make the point that reliance on stockpiles for 
future security is an unsafe procedure for any 
country for the reason that the expanding 
industrialization of the world will absorb nearly 
100 per cent of the potential production, and 
for the further reason that the scale of the de- 
mands of minerals for modern war is far beyond 
the size of any stockpile that could possibly be 
accumulated by any country. The First World 
War required the mobilization of a considerable 
part of the world’s mineral resources; the Second 
World War required a greater one. It is prob- 
ably not too much to say that another war will 
require nearly 100 per cent mobilization. No 
country, no matter how powerful, is in a position 
to win a world war without access to the mineral 
resources of the world. Obviously this in turn 
requires control of the sea. The problem of 
supply for any country, therefore, from the 
standpoint of security, is one of gaining access to 
the world’s minerals, just as it is for industry. 

The spread of public controls has been under 
way a long time. It was given great impetus 
by World War I and World War II, but it con- 
tinued between the wars. It has not been con- 
fined to a few nations but is world-wide, regard- 
less of political ideologies of the nations and re- 
gardless of conditions of war or peace. There is 
no indication from any quarter that it can be 
effectively stopped or reversed. The trend 
toward both nationalization and internationaliza- 
tion of natural resources seems to be here to stay. 

IN CONCLUSION 

Every phase of the mineral problem | have 
mentioned obviously calls for international co- 
operation, not only in scientific effort but to 
advance the principles of conservation, to solve 
the problems of commercial versus public con- 
trol, but, above all, to insure the international 
flow so vital both for industrial well-being and 
for security. Scientists have a part to play in 
supplying the technical background, and in 
doing what they can to introduce scientific 
method into the solution of the extremely com- 
plicated international political questions in- 
volved. 

From the international point of view the most 
pressing problem is that of supply. The Atlan- 
tic Charter provision for equality of access and 
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freedom of raw material trade recognized this 
fact. Presumably the United Nations will make 
a gesture in this direction, but no adequate plan 
has yet been proposed. The current question 
of control of the raw materials of the atomic 
bomb is only a part of the general mineral prob- 
lem. 

Any form of international ownership or con- 
trol of minerals will run counter to the stubborn 
fact of sovereignty. Control of natural re- 
sources lies close to the heart of sovereignty and 
no nation will want to release its control. The 
hope for agreement on any system of world con- 
trol seems yet to be largely in the realm of wish- 
ful thinking. 

It appears almost -certain, therefore, that 
progress to insure freedom of access to the 
world’s minerals must for a long time continue 
to be the extension of bilateral and regional 
agreements of a kind already started. Even 


now a very large part of the world’s minerals 
moves across national boundaries only by inter- 
national agreements of one kind or another. 
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Other agreements are in the making. We seem 
to be headed for a plexus of international under- 
standings affecting resources. We may only 
hope that in the future it may evolve into a more 
satisfactory system. The important criterion 
to be considered is whether agreements facilitate, 
from a world standpoint, the natural and neces- 
sary flow of minerals across international bound- 
aries, or whether they offer obstacles to that 
flow and are therefore a potential source of 
international friction. 

Finally, | would leave with you the concept 
that any success gained in solving the problem 
of mineral supply by international agreement, 
either for industry or for security, will necessarily 
tie up the world’s mineral resources in a way 
which would be an effective deterrent to war. 
Because of Nature’s fixation of mineral localities, 
which man cannot change, no nation can ade- 
quately prepare for peace or war without access 
to world resources, which in turn requires the 
assent of many nations and makes war more 
difficult. 





EPIDEMIC DISEASES 


THOMAS M. RIVERS, M.D. 


Director, Hospital of The Rockefeller Institute for Medical Research 


(Read October 22, 1946, in Philadelphia in the Symposium of the National Academy of Sciences 
on Present Trends and International Implications of Science) 


PuBLic health is a matter of international 
interest and, according to the late Hermann 
Biggs, is purchasable. Health means more than 
the absence of disease; however, it is not my 
task this morning to discuss the positive features 
of health but to say something about epidemic 
diseases and their control. Epidemic diseases of 
human beings come to mind immediately; but | 
shall not limit my remarks to them, because 
diseases of lower animals are of great economic 
importance and may have an indirect bearing 
on the well being of man. Furthermore, obser- 
vations on diseases of lower animals not infre- 
quently yield knowledge applicable to those of 
human beings. 

A few definitions may be helpful to the non- 


medical members of the audience. The words 


endemic and epidemic will be used frequently. 
In a population that is already seeded with an 
infectious agent, a few cases of disease caused by 


it usually occur here and there more or less con- 
stantly; these are spoken of as being endemic. 
At times, for reasons that will be taken up later, 
the number of cases becomes decidedly greater, 
and such an outbreak is spoken of as an epidemic. 
There are populations in the world from which 
certain diseases have been absent for a number 
of years. If one of these diseases is suddenly 
introduced into such a population, it may gradu- 
ally spread and become endemic, or it may spread 
rapidly producing an epidemic. Epidemic dis- 
eases are not always caused by infectious agents; 
however, my remarks will be limited to those 
produced in this manner. 

Infectious diseases are caused by protozoa, 
fungi, bacteria, spirochetes, rickettsiae, or vi- 
ruses. ‘These agents are endowed with life. 
All living things have an ecology, and those pro- 
ducing disease are no exceptions. Some of the 
viruses may not be alive, yet their ecology, if one 
is permitted to use the word in this connection, 
is so similar to that of living things that they 
may for the purpose of this discussion be con- 
sidered collectively with other infectious agents. 
If it is not already clear to you that the behavior 
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of infectious diseases in a population is nothing 
more than an expression of conflicts between 
various forms of life in an effort to arrive at a 
satisfactory equilibrium, I hope to impress the 
fact on you. At least, my approach to epidemic 
diseases at the present time will be along bi- 
ological and ecological lines. 

Studies of epidemics have been going on for 
centuries, and have been fruitful. Only re- 
cently, however, has their study been brought 
within laboratory walls so that controlled ex- 
periments of certain types could be performed. 
Most of the work has been done by Topley and 
Greenwood in England and Webster and his 
associates in America. It has been conducted 
on mice as the experimental host and on Bacillus 
enteritidis, Bacillus aertrycke, and the virus of 
ectromelia as the infectious agents. A brief 
account of how these experiments were performed 
and a statement of some of the results will 
simplify the rest of my talk. 

If 100 mice, all of which are free from Bacillus 
enteritidis, are placed in a cage of such size that 
they would be considered living under crowded 
conditions, the animals will get along fairly well. 
However, if several mice infected with Bacillus 
enteritidis are put in the cage, the infection will 
spread to the well mice and an epidemic will 
occur. Many of the animals will die and finally 
the epidemic will come to an end, but the in- 
fection will not disappear entirely from the re- 
maining population; it will smoulder along and 
an occasional mouse will die. At this stage, the 
disease is usually spoken of as being endemic. 
If at this point in the experiment six healthy 
mice are added to the cage daily, after a number 
of days a new epidemic will occur involving the 
healthy mice added and some of those that 
passed through the preceding epidemic. If the 
addition of mice is stopped, the epidemic will 
subside again, but if the daily addition of a 
sufficient number of mice is continued, the 
epidemic also will continue more or less indef- 
initely. Once such a population of mice becomes 
seeded with infection it is very difficult to eradi- 
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cate it. Topley and his co-workers have at- 
tempted to inhibit the occurrence of epidemics 
by vaccination of mice before addition to the 
colony. According to them, it is not possible in 
this manner to prevent epidemics completely. 

It might be profitable at this time to examine 
briefly the biological aspects of the observations 
just described. Bacillus enteritidis is a parasitic 
organism that has difficulty in maintaining itself 
free in nature; it is more or less dependent upon 
some host for its continued existence. The 
experimental epidemics described resulted from 
a conflict between infecting organisms and hosts. 
Had Bacillus enteritidis killed all of the mice, its 
continued existence would not have been pos- 
sible. Eventually, a stabilization of infection 
was effected, either at the endemic or epidemic 
level, depending upon the conditions under 
which the experiments were done. Only in this 
way, could the infecting agent and the host have 
continued to live together. 

Frequently our military training camps have 
unwittingly been set up and run in a manner 
that duplicated the experiments in mice just 
described. Many healthy men were brought 
together from different parts of the country and 
after a time these populations became seeded 


with pathogenic organisms, whereupon occas- 


ional cases of infection began to appear. Then, 
several times a week for long periods of time, 
groups of new, susceptible men were added to the 
camp populations. As should have been ex- 
pected, epidemics occurred and in some instances 
the incidence of certain diseases remained at 
epidemic levels for many months. This was 
particularly true of respiratory disesases, as best 
exemplified by hemolytic streptococcal infec- 
tions. 

While the experiments in mice present a re- 
latively simple picture of how infectious agents 
act in a crowd, they represent in a general way 
what takes place in most epidemic diseases of 
human populations. In each instance hosts and 
infecting agents strive to keep for themselves a 
place in the world. The conflicts seesaw back 
and forth over long periods of time, with epi- 
demics separated by more or less quiet endemic 
periods. In many instances, neither the host 
nor the invading agent attains complete suprem- 
acy, and eventually some kind of truce is called 
or an equilibrium is reached. An ideal situation 
would be one in which both the infectious agent 
and the host could survive without much harm 
coming to either one. Theobold Smith often 
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spoke of ideal parasites, which, according to 
him, are infectious agents that live peacefully 
with their hosts. In other words, they infect 
and immunize their hosts without causing much 
damage, while preserving for themselves a safe 
place in nature. 

In certain instances, equilibria between hu- 
man populations and infecting agents have been 
attained, but for many reasons it has been 
difficult for such equilibria to be maintained. 
The rapid addition of susceptibles through birth 
or immigration to a population in equilibrium 
with a pathogenic agent sooner or later results 
in an epidemic. This is best exemplified by 
measles, which occurs every two or three years 
in large cities. There are many other ways in 
which equilibria can be upset. Many of these 
are present during periods of war, when large 
groups of human beings are dislocated and 
sanitary conditions and standards of living are 
poor. The changes that occur under such con- 
ditions are moie comprehensible than are other 
variations that have been noted in the behavior 
of certain epidemic diseases. For instance, 
scarlet fever at the present time is extremely 
mild; but forty or fifty years ago it was a scourge, 
while preceding that there was another period 
when the disease was relatively mild. Several 
such cycles have been noted, but no one has 
adequately explained the phenomenon. 

In general, there are three ways in which 
infectious agents get from a sick person or 
carrier to a healthy, susceptible person: first, by 
droplet infection in the case of respiratory di- 
seases, such as measles and influenza; secondly, 
by means of contaminated water, milk, or food, 
or by contact in the case of enteric diseases, such 
as typhoid fever and dysentery; and, thirdly, by 
means of vectors, for example, mosquitoes and 
lice, respectively, in the case of malaria and 
epidemic typhus. So far, | have talked of situ- 
ations in which the relation between the infecting 
agent and the host has been a direct one and the 
maintenance of disease in these instances has 
involved the ecology of only the infectious agent 
and the host. The diseases spread by the first 
two methods mentioned are of this kind. Those 
spread by vectors are ecologically more complex, 
because, in addition to the ecology of the host 
and parasite, that of a vector and at times an 
intermediate host must also be considered. A 
knowledge of these additional factors is essential 
for the understanding and control of such epi- 
demic diseases as malaria and murine typhus. 
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Thus, in order to have malaria in a locality it is 
essential that there be a sufficient density of 
anopheline mosquitoes capable of transmitting 
plasmodia. This means that the mosquitoes 
must be able to find suitable living and breeding 
places and to protect themselves against natural 
enemies. All of this is an ecological problem as 
far as the mosquito is concerned. Likewise, if 
murine typhus is to be established and main- 
tained in a community, there must be a sufficient 
number of rats to act as reservoirs for the ricket- 
tsiae and the proper kind of fleas to transmit 
them from rats to human beings. Thus, the 
maintenance of murine typhus in a community 
and its behavior in regard to endemicity and 
epidemicity depend upon the ecology of human 
beings, rickettsiae, rats, and fleas. 

The most common ways of attempting to 
prevent and control epidemic diseases in human 
populations are: (1) quarantine; (2) protection 
of food, milk, and water, and other aspects of 
general sanitation; (3) eradication or control of 
vectors, reservoirs, and intermediate hosts; and 
(4) vaccination. In dealing with certain animal 


and plant diseases, more drastic measures have 
been employed at times, for example, the ruthless 
destruction of all susceptible hosts within a 


proscribed area. 

As far as many diseases are Concerned, the 
world has just passed through a very interesting 
period. Certain of them unexpectedly gave 
trouble, while others that were greatly feared 
remained in the background. Many procedures 
for the control of a variety of diseases were 
instituted, some of which have been publicized 
as having been very successful; in others much 
faith was reposed in spite of the fact that there is 
inadequate evidence to justify it. Before 
making any more general statements, | shall 
discuss some specific diseases and what has 
happened to them or their vectors. 

In World War | epidemics of measles com- 
plicated by pneumonia presented serious prob- 
lems for the American Army. Most men reared 
in urban communities had had the disease by the 
time they joined the military forces, while many 
of those from rural districts had never experi- 
enced measles. The epidemics occurred in the 
susceptibles from rural communities. Between 
World War | and World War II, good roads and 
numerous automobiles made much of the United 
States, as far as measles is concerned, urban in 
character. Consequently, most of the men who 
joined the Army or the Navy during the last 
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conflict had had measles prior to their enlistment, 
and this disease, as predicted by some, was of 
minor importance. 

In World War I influenza was the major 
scourge and swept the whole world, killing many 
millions of people. When World War II broke 
out, investigators predicted that another awful 
pandemic of influenza would sweep everything 
before it. This did not occur, and influenza 
proved to be of relatively minor importance. 
Between the two wars, it was shown that influ- 
enza can be caused by at least two agents, namely 
influenza A virus and influenza B virus. Fur- 
thermore, a vaccine capable of protecting ap- 
proximately 75 per cent of those receiving it has 
been perfected and was given to certain military 
personnel. Even the most ardent advocates of 
influenza vaccines admit that the prevention of a 
pandemic during World War II did not depend 
upon their use. In fact, most workers are 
reluctant to venture an explanation of what 
happened. Perhaps | will be forgiven for sug- 
gesting one. Between the two World Wars 
rapid transportation of all kinds developed by 
leaps and bounds, making the world one com- 
munity as far as influenza is concerned. It has 
been demonstrated that the two known influenza 
viruses from time to time produce mild or moder- 
ate epidemics here and there throughout the 
world. In view of this, all populations of the 
world are probably thoroughly seeded with these 
two viruses and something similar to a truce has 
been declared between them and human beings. 
If this is true, then we shall continue to have 
mild and moderate epidemics of influenza but 
never another pandemic similar to the one ex- 
perienced in 1918, that is, unless a variant, to 
which a large proportion of the people in the 
world is susceptible, suddenly originates from 
one of the two known influenza viruses. 

The two diseases just described, measles and 
influenza, belong to the respiratory group and are 
spread by droplet infection. Now, typhoid and 
paratyphoid fever will be discussed. They are 
members of the enteric group and are usually 
spread by means of infected water, food, or milk. 
These diseases have played a prominent part in 
most wars. In the American Army, however, 
they were of minor importance in both World 
Wars. Compulsory vaccination against ty- 
phoid and paratyphoid was in force in the 
American Army during these wars, and many 
observers attribute their absence to this proce- 
dure. There are still a few workers who believe 
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that typhoid vaccination is of no value. The 
truth probably lies between these two sets of 
opinions. It must be remembered that enteric 
diseases in many countries were well on the way 
to being controlled long before the use of vac- 
cines. The control measures consisted of pro- 
tecting food, milk, and water from contamina- 
tion by enteric bacteria. At the time vaccina- 
tion was introduced in the American military 
forces, better sanitation was also provided for 
the men, even under fighting conditions. In 
spite of a few contrary opinions, it is hard for 
me, because of my experiences in the Pacific, to 
believe that typhoid vaccination as_ practiced 
in the American military forces is without value. 
Nevertheless, from certain things that happened 
both in the Pacific and in Europe, it is obvious 
that vaccination in the absence of proper sanita- 
tion will not give complete protection against the 
disease. Members of Unites States Naval 
Medical Research Unit No. 2 had an opportunity 
to study typhoid and paratyphoid in troops that 
took part in the fighting on Okinawa. In all 
cases studied the men had been adequately vac- 
cinated or revaccinated within a year of the time 
that they developed the disease. There can be 
no doubt of the diagnoses. Some of the infec- 
tions were severe. In most of the men, however, 
the disease was either mild or had been altered 
in some way. On questioning, practically all of 
the infected men gave a history of having eaten 
raw vegetables gathered during combat from 
native fields which had been heavily fertilized 
with human feces. These men obviously had 
become infected even though they had been 
vaccinated. On the other hand, inspection of 
the natives and their habits forces the conclusion 
that many more of our fighting men would have 
contracted typhoid or paratyphoid had they not 
been vaccinated. I have also been told on good 
authority that American fighting men detained 
in some of the German prison camps, where 
proper sanitation was absent, suffered from 
typhoid and paratyphoid in spite of having been 
adequately vaccinated. In a civilian popula- 
tion, enteric infections should be controlled 
through proper sanitary measures. In time of 
war, particularly in the fighting forces, it may 
not be possible always to maintain proper sanita- 
tion. Under such conditions, vaccination should 
be employed, but one must keep in mind the 
fact that even in fighting forces sanitation can- 
not be disregarded if enteric diseases are to be 
kept in a position of minor importance. 
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Epidemic, or louse-borne, typhus has for 
centuries been of importance both during and 
between wars. Figures that I use in relation to 
the incidence of this disease have been taken 
from a paper by Dr. J. C. Snyder, who was a 
member of the United States of America Typhus 
Commission. During the past four hundred 
years, typhus has taken more lives than were 
lost in all of the bloody battles fought during 
that time. It has been estimated that from 
1918 to 1922 typhus fever attacked 30,000,000 
people in Russia, causing at least 3,000,000 
deaths. The disease is caused by a rickettsia 
and is transmitted from person to person by the 
body louse. Without louse infestation there 
would be no epidemic typhus. Consequently 
conditions which predispose to louse infestation, 
for example, inadequate housing, lack of bathing 
facilities, crowding, dislocation of large groups of 
people, lack of heat so that people do not remove 
their garments for long periods of time, famine, 
etc., also enhance the probability of epidemics of 
typhus. In 1939 it was feared that the Second 


World War would provide conditions under 
which typhus has always exacted a heavy toll. 
The figures for the number of cases of typhus 
that occurred are not complete, particularly in 


regard to those in Poland and Russia, about 
which practically nothing is known. Very few 
cases occurred in England and France and most 
of them resulted from infection obtained else- 
where. In England, France, Spain, Italy, 
Germany, Poland, Bulgaria, Rumania, Hungary, 
Greece, Yugoslavia, Turkey, Iran, Egypt, Tun- 
isia, Algeria, Morocco, China, and Japan during 
the years 1940, 1941, 1942, 1943, 1944, and 1945, 
respectively, the following number of cases of 
typhus have been reported: 24,173, 47,201, 
123,283, 99,875, 56,796, 75,575. For the six 
years mentioned there was a total of 426,903 
cases. 

1 would like to quote from Doctor Snyder’s 
paper in order to give some idea of the conditions 
in Germany during the last year of the war: 


In 1945 as the Allied armies reached and passed 
the Siegfried Line, typhus was encountered among 
the “‘slave laborers’’ and among the residents of the 
city of Cologne. Many of the German camps con- 
taining prisoners of war were found to have active 
typhus cases at the time they were liberated. But 
by far the most serious situations were found in the 
notorious concentration camps where the Germans 
had assembled political prisoners as well as ordinary 
criminals from all parts of the continent. . . 
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In the face of the rapid advance of our armies, the 
Germans then gave up any attempt to move pris- 
oners. After our armored spearheads liberated such 
places as Dachau and Mauthausen, a short interval 
elapsed between the removal of the German guards 
and the arrival of adequate numbers of our infantry 
to maintain discipline and control over the camps 
from the sanitary 
interval many 


point of view. In this short 
louse-infested, typhus-infected  in- 
mates “escaped” into the surrounding countryside. 
I doubt if there ever has been such a widespread 
scattering of typhus in such a short time as occurred 
in April and May 1945 when several of these con- 
centration camps literally exploded into the ad- 


jacent areas. 


In the light of what has been said, one wonders 
why more cases of typhus did not occur during 
1945. It is the opinion of those who partici- 
pated in the work that the control program insti- 
tuted early in 1944 was highly effective in sup- 
pressing typhus fever in Italy, Austria, Germany, 
and Yugoslavia in the zone occupied by the 
Allies. What happened in the zone occupied by 
the Russians is not known. The two most im- 
portant methods of control were vaccination and 
delousing by means of DDT. Again, to quote 
from Doctor Snyder's paper: 


The final improvement in delousing technic was a 
development by the Army of an air compressor 
which operates ten dust guns simultaneously. These 
devices are called “power dusters.”” They use 
gasoline for fuel and are very simple to operate. 
By employing power dusters it was possible to de- 
louse more effectively the streams and floods of 
displaced persons who were pouring out of typhus- 
infected areas in Germany and Austria as our Army 
liberated them. The power dusters were placed on 
the east bank of the Rhine River at the pontoon 
bridges where the displaced persons were crossing; 
they were taken by truck to the concentration 
camps, to the displaced persons centers, to the pris- 
oner of war camps, and to the villages in southern 
Germany where secondary 
found. 


cases of typhus were 


\ vaccine against typhus was devised by Cox 
and, after modifications, was prepared in suffici- 
ent amounts to vaccinate all of the American 
troops sent to typhus areas and to supply the 
need of the armed forces of our Allies and the 
civilian populations in certain danger zones. It 
is the belief of those who are qualified to speak 
that this vaccine properly administered _re- 
duces to almost zero the death rate from epi- 
demic typhus. Official figures have not been 
released by the War Department, but Doctor 
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Snyder has been “permitted to say that there 
have been fewer than 100 proven cases of 
classical epidemic typhus fever in our armed 
forces during the Second World War. There 
have been no deaths from typhus among our 
forces, and indeed no authentic record has come 
to our attention of death from typhus after Cox 
vaccine was administered more than twenty-one 
days before the onset of illness. In contrast, 
we may point out that in the British forces 200 
cases of proven typhus were mentioned by van 
Rooyen; twenty-one cases with seven deaths 
were described by Stevens. These reports 
refer to the period before general anti-typhus 
vaccination was adopted by the British forces.’’ 
Competent observers also believe that the 
attack rate of typhus was lower in vaccinated 
people than in unvaccinated personnel. 

It is obvious that epidemics of louse-borne 
typhus are dependent upon the ecology of the 
body louse. During wars, conditions for rapid 
multiplication and dissemination of body lice are 
present. It would not be too fanciful for one to 
suspect that body lice thrive better on food 
obtained from undernourished hosts than on 
that obtained from well nourished ones.  In- 
deed, observations have already been made con- 
cerning this matter and experiments undoubtedly 
will be conducted to obtain further information. 

Each year, malaria is responsible for more 
sickness and deaths throughout the world than 
is any other disease. The American forces 
expected malaria in the South Pacific, but our 
early handling of the malarial problem in those 
areas was not brilliant. Defects, however, were 
rapidly rectified and the problem in the latter 
part of the Pacific struggle was handled better. 
The war ended with our forces still using atabrine 
for suppression of the disease. This drug does 
not prevent infection. Great efforts were made 
in America and in England to find a true pro- 
phylactic agent; both countries believe that 
they have found one. It will be interesting to 
observe what these drugs will do toward con- 
trolling or eradicating malaria. Before World 
War II great strides had been made in control- 
ling mosquitoes by means of oil, Paris green, and 
freon-pyrethrum mixtures. During the war 
DDT was added to the list of insecticides of 
value for use against anopheline larvae and 
adults. 

Human malaria in the world and its persistence 
depend upon the ecology of anopheline mosqui- 
toes. There are many kinds of anophelines, 
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and each one has an ecology of its own. Meth- 
ods of controlling or eradicating one kind do not 
necessarily apply to another. Anopheline mos- 
quitoes are not found on certain islands of the 
Pacific and recently great efforts have been made 
in many directions to prevent their introduction. 
Much has been said about the success of these 
efforts. Having spent some time both in the 
South Pacific and in the Central Pacific, and 
having seen how control measures were carried 
out, | wonder whether they have had much to 
do with the successes mentioned. In any 
event, these areas remained free for centuries 
before institution of the control measures. 
Therefore, | suspect that there is some ecological 
reason why a self-respecting anopheline mos- 
quito finds it impossible or difficult to establish 
itself in one of the areas and | would like to see a 
small, unimportant island chosen and attempts 
made to establish anophelines on it. If results 
of the experiment were negative, desirable in- 
formation would have been obtained; if they were 
positive, it should not be difficult to eradicate the 
mosquitoes by means at our disposal. 

| have discussed this matter with a number of 
people who usually show little enthusiasm for 
the idea that it would be difficult to establish 
anopheline mosquitoes on the Pacific islands 
now free from them. They point to the fact 
that Anopheles gambiae was taken from Africa 
and established in Brazil, an entirely new habi- 
tat. They also point out that this mosquito re- 
cently spread up the Nile into a territory where 
it had not been found previously. It is admitted 
that some anopheline mosquitoes can establish 
themselves in new homes; but it must be re- 
membered that -other kinds of anopheline mos- 
quitoes had already found suitable habitats in 
Brazil and Egypt before Anopheles gambiae 
joined them. Consequently, I do not believe 
that one should state that anophelines can es- 
tablish themselves in certain islands in the 
Pacific just because Anopheles gambiae was able 
to find new homes for itself in Brazil and 
Egypt. 

In speaking of recent advances in the fight 
against malaria, one writer has made the follow- 
ing statement: ““But the most important lesson 
is that malaria can be controlled anywhere in the 
world, in any environment, when trained and 
organized personnel are given the necessary sup- 
plies and authority.” It is true that much can 
be done in the control of many anopheline mos- 
quitoes, but the eradication of a species is very 
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difficult. It is an established fact, however, 
that Anopheles gambiae was eradicated from 
Brazil and Egypt, but it is also a fact that other 
anopheline mosquitoes in Brazil and Egypt were 
not eradicated at the same time. It has been 
suggested that a newly implanted species of 
mosquito might be more easily eradicated than 
one which has been established for centuries in 
an area. Thus, one might doubt whether it 
would be possible or practicable at the present 
time to eradicate Anopheles gambiae from its 
African home. At least, an effort should be 
made to ascertain how difficult it is to eradicate 
anopheline mosquitoes from a long-established 
stronghold. The Island of Sardinia has been 
mentioned as a place where such work might be 
done with profit. 

Earlier in the talk I spoke of four methods of 
controlling epidemic diseases, three of which 
have been considered in connection with dis- 
cussions of specific maladies. Since epidemic 
diseases do not recognize boundary lines be- 
tween nations, they are of international interest. 
Quarantine, which is the detention in isolation 
of people having a disease and their contacts, 
has been one of the measures employed in the 
past to prevent the spread of infectious maladies 
within a country or from one country to another. 
Most experienced health officers and epidemi- 
ologists are well aware of the fact that quarantine 
as applied to human diseases, because it is never 
sufficiently stringent, offers no great barrier to 
their spread. In many places, for psychological 
reasons if not from ignorance, outmoded quaran- 
tine is still in effect, resulting in the waste of 
much time and money. The best way for a 
country to prevent the entrance and spread of 
diseases is to have a civilization and a standard 
of living that provide poor ecological conditions 
for infectious agents, their vectors and reservoirs. 
For example, in our country, it is not necessary 
to worry about the introduction of cholera and 
epidemic typhus, because they would find un- 
favorable conditions for their establishment and 
spread. 

The statement that public health is purchas- 
able is true within certain limits, one of which is 
that it cannot be bought alone; there are tie-in 
purchases, for example, the proper kind of 
civilization and standard of living. Moreover, 
| strongly suspect that in more than one in- 
stance the tie-in purchases have been largely, if 
not entirely, responsible for specific gains in 
public health. 
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It is unnecessary to say more in order to im- 
press upon you the international importance of 
epidemic diseases and their ecological aspects. 
In closing, I shall leave with you an idea ex- 
pressed well by Raymond B. Fosdick: 


In a world that is haunted by fear and torn by 
hate, public health can be one of the rallying points 
of unity. It can be one more bridge across the 


1. RIVERS 


[PROC. AMER, PHIL. SOC. 


political and ideological gulfs that divide mankind. 
Health is something that all nations desire, and no 
nation by the process of gaining it takes it away 
from another. There is not a limited supply of 
health for which nations must compete. Rather, 
every nation by promoting its own health adds to 
the better health of other nations, just as by assist- 
ing in the public health efforts of other nations it 
protects itself. 
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INTERNATIONAL cooperation is not only desir- 
able but also imperative in many phases of crop 
improvement and crop protection, because the 
problems themselves are international. The 
geographic distribution of useful plants and of 
their pathogens and pests is usually regional and 
not national; consequently many of the problems 
connected with them are regional and interna- 
tional, regardless of any attempts to nationalize 
them. 

Plant diseases, insect pests, and unfavorable 
weather are among man’s worst enemies in his 
attempts to feed and clothe himself, because man 
is basically dependent for his subsistence on 
plants and plant products. After all, plants are 
the only primary producers. Animals, import- 
ant as they are, are essentially only transformers 
of plant products, not primary producers. They 
themselves are directly or indirectly dependent 
on plants for their subsistence. And ever since 
man left the garden of Eden he has been con- 
fronted at some times and in some places with 
the specter of famine resulting from crop failures 
due to droughts, floods, frosts, and the ravages 
of insect pests and plant diseases (55).! 

The whole problem of human subsistence is 
an international one. It is platitudinous to say 
that hunger and want breed desperation and that 
desperation is likely to breed viciousness, among 
peoples as well as among certain animals. And 
it is trite but true that the agriculturally pro- 
ductive lands of the world are so distributed that 
some nations cannot possibly produce what they 
need to eat and wear while others produce much 
more than they need. It is therefore hard to 
resist the temptation to discuss the obvious 
interdependence of peoples and nations in the 
production and exchange of agricultural pro- 
ducts. And it is particularly difficult to sup- 
press the desire to discuss the service that 
peoples have rendered each other internationally 
through the exchange of varieties of crop plants 

1 Numbers in parentheses indicate references at end of 
article. 


and breeds of farm animals. Even in the 
Mississippi Basin of the United States, one of the 
most productive agricultural areas of the world, 
hazards in crop production have been reduced 
by the use of kinds or varieties of crop plants 
introduced from many countries of the world. 
Early-maturing varieties, winter-hardy varieties, 
heat-and drought-resistant kinds or varieties, 
and disease-resistant varieties have been im- 
ported and used directly or indirectly in increas- 
ing and stabilizing agricultural production. But 
this paper deals with plant diseases, not with 
other hazards in crop production. 

Plant diseases are a major factor in crop 
production in every important agricultural area 
of the world. Biologically, plant diseases have 
the same sort of relationship to the well-being 
of plants in gardens, fields, and forests as human 
and animal diseases have to peoples and to wild 
and domestic animals (1). Economically, plant 
diseases are a heavy tax on production, through 
reduction in yields, quality, and cost of control 
measures. In the United States diseases annu- 
ally cause losses of from 8 per cent to 30 per cent 
in some of the most important crops (55). And 
occasionally certain diseases become epidemic 
over wide areas and cause losses that are catas- 
trophic in their consequences. In 1916, as an 
example, stem rust (Puccinia graminis) destroyed 
almost 300 million bushels of wheat in the United 
States and Canada; and in 1935 this disease de- 
stroyed about 160 million bushels of wheat in 
the United States alone, the loss ranging from 12 
per cent in Kansas to about 60 per cent or more 
in Minnesota and North Dakota, despite the 
fact that a previously resistant variety pre- 
dominated in the latter two states (13, 19). 
Again in 1937 the destruction was widespread 
and devastating. There is scarcely a major 
wheat-growing area of the world where stem rust 
or one of the other rusts of wheat do not cause 
similar losses. Likewise, the potato crop in 
large areas often has been almost completely 
ruined by late blight (Phytophthora infestans), 
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Fic. 1. Barberry bushes at edge of grain field in north- 
eastern United States. Under these circumstances 
grain usually is very heavily rusted with numerous 
parasitic races of stem rust. 


even though the disease can now be prevented 
by spraying with appropriate fungicides (55). 
There are many other equally destructive dis- 
cases, 

The plant diseases of primary international 
concern are caused by viruses and by parasitic 
microorganisms, especially fungi and bacteria. 
These pathogens are disseminated principally by 
wind, insects, and man. Under favorable con- 
ditions some pathogens can multiply with 
frightening rapidity and may therefore become 
epidemic over wide areas within a short time. 
Some can be controlled wholly or partly by seed 
disinfection, by spraying or dusting growing 
plants with fungicides, by crop rotation, or by 
other means available to the individual grower; 
but others can be controlled only by the develop- 
ment and use of resistant varieties. Those that 
are quickly and widely disseminated by the wind 
are often regional and international in their 
extent, and therefore require international co- 
operation for their control. 

The rusts of small grains and many other plant 
pathogens are dangerous international travelers, 
amenable neither to immigration laws nor to 
quarantine laws. They may be so widely and 
quickly disseminated by the wind that they be- 
come destructively epidemic over thousands of 
square miles in a short time. And there is no 
way of stopping them at national boundaries 
because there is no way of stopping the wind.’ 

Because the epidemiology of stem rust of wheat 
and other small grains has been studied long and 


* The most comprehensive recent summaries on wind 
dissemination of plant pathogens are referred to in ‘‘Refer- 
ences’ under the following numbers: 6, 9, 21, 41. 
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extensively in North America, it is taken as an 
example of an international plant disease prob- 
lem. In the world as a whole, stem rust is not 
only the most dangerous of the cereal rusts but 
also one of the most complex and destructive of 
all plant diseases. In North America, no other 
wheat disease has caused such complete and 
extensive destruction. It is important in Can- 
ada, Mexico, and the United States. In some 
years epidemics have covered more than a million 
square miles and have almost completely ruined 
wheat in an area of a half million square miles or 
more. There also have been ruinous epidemics 
on oats; and barley, rye, timothy, and other 
grasses are sometimes severely attacked (fig. 1, 
2). 

The species which causes stem rust, Puccinta 
graminis Pers., comprises at least six varieties 
that can be distinguished by morphology of the 
spores and by the kinds of grains and grasses 
that they attack, as shown in table 1. 

Thus the variety tritici of Puccinia gramints 
infects wheat, barley, and many wild grasses but 
does not infect oats and is only weakly patho- 


Fic. 2. Uredial stage of stem rust on wheat stems. Shriv- 
elled wheat from rusted plants as compared with 
normal wheat from the same locality. There are 
many billions of spores on the stems of wheat. The 
spores are widely disseminated by the wind. 
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TABLE 1 


SporE S1zZE, Host PLANTS, AND PHYSIOLOGIC 
SPECIALIZATION OF VARIETIES OF Puccinia 
graminis IN NORTH AMERICA 


Variety and aver 
age size of ure- 
diospores, in 
microns 

. tritici... 
32.4 X 19.8 


Host plants Physiologic races 


More than 200, 
differing in their 


Wheat, barley 

Many grasses, especially spe- | 
cies of Agropyron, Elymus, | effect on varieties 
Hordeum, and Hystrix | of Triticum spp. 
(Rye sometimes lightly in- | 

fected) 


Oats At least 14, dif- 
Many grasses belonging tothe! fering in their 
following genera: effects on vari- 
Agrostis, Alopecurus, Antho- | eties of oats 
xanthum, Arrhenatherum, Cala- 

magrostis, Dactylis, Holcus, | 

Koeleria, Panicularia, and | 

Phalaris | 


. avenae 
28.5 X 19.9 


Rye, barley 
Many grasses similar to those 
listed under 1 


| About a dozen, 
differing in their 
effects on vari- 
| eties of rye 


. Secalis. 
ma XA 


. phleipratensis 
24.0 X 16.9 


Timothy } 
(Oats and barley sometimes 
lightly infected) 

. agrostidis some of 
22.4 X 15.7 


Agrostis spp. and 
grasses listed under 4 


. poae... Poa spp. 


18.6 X 15.8 


genic to rye. The variety avenae, on the other 
hand, attacks oats and certain wild grasses that 
are immune from the (ritict variety. And each 
of these varieties, in turn, comprises physiologic 
or parasitic races that are alike morphologically 
but differ in their ability to attack varieties of 
the respective kind of crop plants. Thus, more 
than 200 (189 described) of the ¢ritici 
variety have been distinguished by their effects 
on 12 varieties of wheat and wheat allies (48). 
Likewise, there are parasitic races within the 
avenae variety, which differ in pathogenicity on 
certain varieties of oats (20). These races are 
designated by numbers rather than by Latin 
names: thus, Puccinia graminis tritict 56 and 
P. graminis avenae 8. Precise information re- 
garding the pathogenicity, geographic distribu- 
tion, seasonal incidence, and mode of origin of 
parasitic races is requisite to an understanding 
of the epidemic development of these rusts and 
to the production and maintenance of rust- 
resistant varieties. 

Wheat is grown from southern Mexico to the 
prairie provinces of Canada, a distance of about 
2,500 miles. And in this great area there are no 
natural barriers to the spread of rust. The 
south and the north are mutually complemen- 
tary as concerns the seasonal development of 


races 
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rust: the epidemics are regional, not national. 
And certain facts in the life cycle of the fungus 
tend to intensify the international nature of the 
problem. 

Puccinia graminis is heteroecious: it requires 
two kinds of host plants—grains or grasses, and 
barberries or mahonias (Berberis spp. or Mahonta 
spp.)—to complete its full life cycle. It pro- 
duces urediospores and teliospores on wheat and 
other small grains and grasses, and aeciospores 
on certain species of Berberis and Mahonia. 
The uredial stage is the repeating stage. Ure- 
diospores may germinate in about an hour in 
moisture on grain or grass plants and then cause 
infection, with the production of a new crop of 
spores within a week or ten days, the length of 
the incubation period depending on the race of 
rust, the variety of grain, and on evironmental 
factors, especially temperature and light. Thus 
the rust may propagate itself in the uredial stage 
as long as host plants are green and growing. 
As host plants ripen or weather becomes un- 
favorable for rust development, however, the 
telial or winter stage develops. The teliospores 
require a rest period. They survive the cold of 
winter and germinate in the spring, producing 
unisexual sporidia that can cause limited infec- 
tion only on the alternate hosts, Berberis and 
Mahonia spp. Further development depends 
on sexual fusions that result in the production 
of the aecial or cluster-cup stage. The aecio- 
spores, having been produced sexually, may be 
of hybrid nature, with all of the genetic implica- 
tions resulting from recombinations of factors 
for pathogenicity and other characters. They 
do not infect the alternate host, on which they 
are produced, but can cause infection only on 
grains and grasses, with subsequent production 
of the asexually-propagated uredial or repeating 
stage.® 


3’ The alternation between the asexual or propagative 
stage and the sexual stage in Puccinia graminis (and many 
other rust fungi) is biologically and practically significant. 
The two-celled teliospores are diploid when mature. On 
germination, each cell of the spore produces a four-celled 
promycelium, each cell of which in turn produces a haploid 


sporidium. The sporidia are disseminated by air currents 
and can infect only barberries or Mahonias of certain kinds, 
where the resulting pycnia are formed. The pycnia are 
flask-shaped organs containing large numbers of small sex 
cells or pycniospores. As shown first by Craigie (8), each 
individual pycnium contains pycniospores of one sex only 
and does not develop further unless fertilized by pyecni- 
ospores of opposite sex. This mixing of the sexes is brought 
about principally by insects, which are attracted by a 
nectar-like substance exuded by the pycnia. The fertili- 
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That the sexual stage of stem rust is not only 
interesting biologically but also important prac- 
tically in the production and perpetuation of 
parasitic races was shown long ago by investiga- 
tors in Canada, Australia, and the United States 
(10, 26, 46, 47, 53). The sexual process in plant 
pathogenic fungi is always a menace because of 
the danger that new and virulent parasitic races 
may result. In many cases nothing can be done 
to prevent it. This is true of the autoecious 
rust fungi, which complete their life cycle on a 
single host; but the sexual stage of Puccinia 
graminis and certain other heteroecious rusts is 
on non-economic or relatively valueless host 
plants that can be eradicated. This eradication 
sometimes is of great international importance, 
as is true in the principal grain-producing coun- 
tries of North America. 

The following generalizations regarding de- 
velopment of stem rust in North America are 
based on observations and experiments covering 
a period of more than thirty years and are basic 
to an understanding of the international nature 
of the problem.' 


zation results in the production of the cluster cups or aecia, 
which contain large numbers of aeciospores, each with two 
nuclei of opposite sex. As the nuclei of opposite sex may 
differ in factors for pathogenicity also, many combinations 
are possible, because the nuclei may have been derived from 
different varieties of rust. Even though the 
nuclei remain paired for a long time without fusing, it is 
known that pathogenicity and other characters are deter- 
mined by the combined effects of the genes in the two 
nuclei, The aeciospores can infect only grains and grasses 
on which the uredial stage, also binucleate, is produced. 
This stage then multiplies asexually and thus perpetuates 
the characters derived from the aeciospores. But the 
pairs of nuclei which multiply and persist through the 
aecial and uredial stages finally fuse in the teliospores and 
form a diploid nucleus. Then segregation occurs when the 
teliospores germinate and produce haploid sporidia. The 
thousands of pycnia on a barberry bush resulting from 
infection by thousands of sporidia may be of many kinds 
genetically; consequently many different combinations 
may be made between them, resulting in the production 
and perpetuation of many parasitic races whose spores 
may be carried far and wide by the wind. These new races 
do not respect international boundaries, unless the bound- 
aries happen to be effective topographic barriers to the 
free sweep of the wind. 

‘ These generalizations are based on results obtained for 
about thirty years by the writer and associates in investi- 
gations made cooperatively by the United States Depart- 
ment of Agriculture and the Minnesota Agricultural 
Experiment Station in the United States; on results of 
cooperative investigations between the Mexican Depart- 
ment of Agriculture, the United States Department of 
Agriculture, and, in recent years, the Rockefeller Founda- 
tion in Mexico; and on results obtained by Canadian in- 
vestigators in Canada. Many unpublished data on 


races or 
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1. The uredial stage, the only repeating stage, 
does not survive the winter north of Texas, 
except occasionally and locally. It does survive, 
however, regularly in northern Mexico and some- 
times in some areas of Texas. 

2. The uredial stage does not normally persist 
through the hot, dry summers in the principal 
wheat-growing areas of Texas and northern 
Mexico, except occasionally in high mountain 
valleys of northeastern Mexico. Although it 
can survive in southern Mexico, evidence is that 
there is relatively little seasonal interchange of 
rust between southern and northern Mexico. 

3. Because teliospores are sensitive to high 
temperature, the aecial stage develops on bar- 
berries regularly and abundantly only as far 
south as the 39th parallel, except in mountain 
regions in eastern and western United States 
where high elevations substitute for northern 
latitudes. Recently it has been found that 
certain native Mahonias in Mexico may also 
become infected where high elevation provides 
temperate climate. 

4. The south and north are mutually com- 
plementary in stem rust development. Rust 
may be blown to the south in the fall, where it 
overwinters in the uredial stage more or less 
extensively, depending on winter conditions, and 
may then be blown northward the next spring 
and early summer. 

Naturally there are many seasonal variations 
in stem rust development in so vast an area as 
that comprising the principal wheat-growing 
regions of Mexico. the United States, and Can- 
ada. The basic fact, however, is that countless 
numbers of small and buoyant spores, capable 
of retaining their power of germination for weeks 
or months, can be carried by the wind and cause 
infection far from the place where they were 
formed. Moreover, the incubation period of 
the rust may be as short as seven days at a 
favorable temperature; consequently the number 
of spores can increase with amazing rapidity, as 
a new crop may be produced every week or ten 
days. 

In a single uredial pustule of stem rust, from 2 
to 5 mm. long and 1 mm. wide, there are between 
50,000 and 400,000 spores, each one of which is 
theoretically capable of producing an equal 
number within a week or ten days. On a single 


United States and Mexico are on file in the Federal Rust 
Laboratory at University Farm, St. Paul, Minnesota. 
The following publications present most of the essential 
facts: 11, 39, 41, 52. 
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acre of lightly infected wheat there are about 
10,000 billion spores; and on an acre of heavily 
rusted wheat there are likely to be upwards of 
50,000 billion (6). These spores are only about 
1/1,000 of an inch long and are therefore easily 
carried by air movements. Large numbers have 
been caught on spore traps exposed from air- 
planes flying at altitudes up to 10,000 feet, and 
some have been caught at still higher altitudes 
(44). Naturally, therefore, they can be carried 
as far and as fast as the wind blows. Small 
wonder, then, that the stem rust of wheat and 
other grains, as well as many similar fungi, 
constitute an international problem in areas 
where there are no topographic barriers to ex- 
tensive air movements (fig. 3). 


Fic. 3. A single urediospore of stem rust of grains caught 
on a vaselined microscope slide exposed from an air- 
plane flying at a height of several thousand feet. The 
spore is germinating, showing that it survived its long 
air trip. 


Three principal methods have been used to 
trace the movement of stem rust epidemics in 
North America: (1) The determination of the 
number of spores in the air at given times and 
given places by exposing glass microscope slides 
smeared lightly with vaseline, glycerine, or some 
similar substance; (2) observations on the de- 
velopment of rust on grains and grasses; (3) 
determination of the geographic distribution of 
varieties and physiologic races of the rust. 

In the spring and early summer, numerous 
spores of stem rust are often caught hundreds of 
miles northward of known areas of rusted grains 
and grasses in the grain-growing areas of the 
United States. The numbers vary from a few to 
thousands; and near rusted grains as many as a 
million have been caught per square foot during 
a 24-hour period. Table 2 shows the number of 
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TABLE 2 


PREVALENCE OF SPORES OF Puccinia graminis 
IN THE AIR ON JUNE 13 AND 14, 1938, IN 9 
STATES IN THE UNITED STATES 


Number of spores trapped per 
sq. ft. during 24-hour periods 
Place of exposure 


June 14 
13,056 
86,352 

181,200 

1,536 
17,040 
2,880 


June 13 


3,648 
92,864 
154,800 
768 
37,296 
18,480 
26,688 5,568 
10,800 1,824 
1,248 96 


Dallas, Texas.... 
Oklahoma City, Oklahoma. 
Wichita, Kansas.......... 
California, Missouri 
Beatrice, Nebraska........ 
Ames, Iowa 

New Ulm, Minnesota 
Brookings, South Dakota. . 
Fargo, North Dakota...... 


spores in the air on two successive days in a 
non-epidemic year (43). 

In some years spores are disseminated over 
thousands of square miles within a few days. 
This was true in 1925. There was no stem rust 
on grains or grasses north of central Kansas on 
June 1; nor was there very much southward. 
During the first week in June, however, strong 
south winds disseminated spores 600 miles north- 
ward over an east-west front of more than 500 
miles. Rains following the winds enabled the 
spores to cause infection in an area of about a 
quarter of a million square miles, as shown in 
figure 4. From this area rust soon spread 
farther northward into Canada. 


STEM RUST 


Fic. 4. The dissemination and establishment of stem rust 
of wheat over an area of approximately one quarter 
million square miles during the first week in June, 
1925. The cross-hatched area indicates where stem 
rust was present on wheat up to June 1. The figures 
19, 24, 26, and 17 are the average wind velocities at 
the places indicated during all or part of this period. 
Following rains after the spore shower, rust developed 
abundantly in the dotted area. 
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Fic. 5. The northward movement of stem rust of wheat 
from northern Mexico to Canada in 1921, as deter- 
mined by surveys in the field. The 
northward spread was in six principal waves up to 
July 1, but there was considerable spread subsequent 
to that time 


extensive rust 


Stem rust may move northward from the south 
in successive waves, as is shown in figure 5. In 
1937, for example, rust was present in consider- 
able quantity on wheat in northern Mexico and 
southern Texas by the last week in March. By 
May 9 it had reached northern Oklahoma; by 
May 20 it had reached central Kansas and 
Missouri; by the middle of June it was well on 
its way to the Canadian boundary; and by July 1 
it was well established in Canada. There were 
seven rather distinct waves of infection in the 
northward movement of the rust from late March 
until July 1. 

The epidemic of 1935 is particularly significant 
from its international aspects. Rust was blown 
from northern United States into Texas and 
northern Mexico in the fall of 1934, survived the 
winter there in the uredial stage, and then was 
blown northward again in the spring of 1935 
(fig. 6,7). A number of factors contributed to 


make this one of the most destructive epidemics 
on record: (1) The fall of 1934 was unusually 
long, thus permitting abundant development of 
rust on volunteer grains and grasses when winter 
wheat farther south was far enough advanced to 


permit infection. (2) North winds carried large 
numbers of spores southward in two successive 
waves, as indicated in figure 6. Rains followed 
promptly and rust became extensively estab- 
lished in a broad band, extending well into 
Mexico. (3) The uredial stage of wheat stem 
rust survived the winter in certain localities 
of northern Mexico and central Texas. (4) 
There was superabundant rainfall in the principal 
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Fic. 6. Southward spread of stem rust of wheat in the fall 
of three successive years, as indicated on the map. 
During the winter of 1934-1935 the uredial stage of 
stem rust overwintered in northern Mexico and 
through central Texas at the places indicated by tri- 
angles and was then blown northward in the spring and 
early summer. In the winter of 1935-1936 the same 
thing happened in localities indicated by stars; and 
in the spring the rust was again blown northward as 
shown in figure 7. 


wheat-growing areas of north-central Texas 
during the spring of 1935, as indicated in figure 8. 
This delayed the maturity of grain and permitted 
the development of an unusual amount of rust 
which spread northward. (5) In Kansas and in 
the spring wheat area wheat was late because of 
abundant rainfall and cool weather, and the 
stands were lush and heavy. (6) In late June 
strong south winds carried countless numbers of 
spores into the spring wheat region of the United 
States and Canada. This was followed by very 
favorable weather for rust development, and the 
rust already was epidemic in early July, much 
earlier than usual (see fig. 8). 

In addition to the damage to wheat, the 
epidemic of 1935 had especially far-reaching re- 
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Fic. 7. The northward spread of stem rust from northern 
Mexico through the United States and on into Canada 
in three successive years. 
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Fic. 8. The sequence of events in the development of the extremely destructive stem rust epidemic of 1935 com- 


pared with the sequence in an average year. 
of events in the fall of 1934, as shown in figure 6. 


sults because the unusual sequence of events 
resulted in the quick and widespread dissemina- 
tion of race 56 of wheat stem rust, a new and 
hitherto unimportant race. 

Race 56 has had a spectacular and destructive 
career. It was first found near infected bar- 
berries in a few localities of northern United 
States in 1928. It increased slowly but not 
menacingly in prevalence for several years, but 
by 1934, a non-rust year, it had become one of 
the most prevalent races in the United States and 


Preparation was made for the epidemic of 1935 by the sequence 


adjacent Canada (fig. 9). In the fall of 1934 it 
was carried as far south as northern Mexico, 
and in the spring of 1935 was disseminated far 
and wide into the United States and Canada. 
It proved exceptionally virulent on Ceres wheat, 
which had been resistant to stem rust prior to 
1935 and had therefore become the most popular 
variety in much of the spring wheat region of 
northern United States and adjacent Canada 
(fig. 10). To the astonishment and dismay of 
farmers and scientists alike, Ceres was very 
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Fic. 9. Population trend of race 56 in the United States 
from 1928, when it was first found, until 1941. The 
percentage figures are based on the number of times 
this race was isolated in relation to the number of 
times all races were isolated from about 600 to 1,200 
collections of rusted wheat from which race identifica- 

in the principal wheat- 
growing areas of the United States. Within a few 
years from its appearance near rusted barberries in 
northern United States this race extended its geo- 
graphic range throughout the principal wheat-growing 
areas of North America. 


tions were made annually 


severely damaged by rust in 1935 and again in 
1937. It has therefore been replaced by other 
varieties that are resistant to race 56 and most of 
the other races that have been prevalent since 
that time. It is known, however, that 
resistant varieties now widely grown in northern 
United States and Canada are completely sus- 
ceptible to certain races, such as 15B, which are 


some 


isolated occasionally from barberries but have 
not yet prevalent or widespread. 
Whether they will follow the precedent set by 
race 56 cannot be predicted, but plant breeders 
and pathologists are assuming that they may, 
while hoping that they will not. Breeding is 
therefore being continued with the object of 
producing new varieties of wheat resistant to 
the most virulent now known in North 
America, on the principle that it is well to be 
prepared for the worst if it should come. And, 
unfortunately, it sometimes does. 


become 


races 
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Oats also have been victimized recently. 
Race 8 of Puccinia graminis avenae, which at- 
tacks certain recently-produced varieties of oats 
that have been widely grown because of their 
productivity and resistance to stem rust and 
other diseases, has increased in prevalence and 
extended its geographic range throughout the 
principal oat-growing regions of North America 
(see figs. 11 and 12). Although known prior to 
1938, this race was found in the United States 
only near infected barberries in Virginia in that 
year. By 1945, however, it was almost coex- 
tensive with oats, and in 1946 was so abundant 
even as far south as the latitude of Mexico City 
as to cause a destructive epidemic in experimental 
plots of resistant varieties. For this and other 
reasons these varieties seem doomed to oblivion 
(23, 49). 

The development of new parasitic races of 
stem rust on barberries in the United States, 
therefore, is an international danger. For this 
reason the eradication of the bushes should in 
effect be an important part of the ‘Good neigh- 
bor policy,’ especially since the United States 
has unintentionally been a bad neighbor by 
harboring the breeding grounds for new and 
dangerous parasitic races of stem rust. 

The magnitude of Nature’s rust breeding 
program on barberries cannot be overemphasized. 
On a single barberry bush there may be as many 
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Fic. 10. The effect of four physiologic races of wheat stem 
rust on Ceres wheat. It is immune from race 44, 
highly resistant to race 24, only slightly less resistant 
to race 34, but completely susceptible to race 56, which 
was by far the most prevalent race in the epidemic of 
1935. This race was first found in 1928 but did not 
become important until 1935, when it caused extremely 
heavy damage on Ceres, which had been resistant 
prior to that time. 
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as 70 billion spores at one time. These spores 
are disseminated by the wind in the same way 
as are the urediospores. They have been caught 
on spore traps several thousand feet above the 
surface of the earth, just as is true of the ure- 
diospores. They may therefore cause infection 
far from the bushes on which they are formed. 
In any case, even if the aeciospores were not 
disseminated widely by the wind, they infect 
grains and grasses near barberries; and the re- 
sulting urediospores can then be disseminated 
just as widely as those that are blown from 
northern Mexico and Texas northward into the 
United States and Canada. The importance of 
barberries in the production of new races is shown 
clearly by the fact that a different race has been 
found in about every six collections obtained 
from barberries or their immediate vicinity, 
while in a large number of collections identified 
in non-barberry areas, a different race has been 
found in about every 60 collections. In 1940, 
16 races of wheat stem rust were isolated only 
from barberries or from their immediate vicinity 


PUCCINIA GRAMINIS AVENAE 
PREVALENCE: R.2+5-0 
R. 8+10-@ 


PERCENTAGE OF ISOLATES 


11. Population trends of physiologic races of oat stem 
rust (Puccinia graminis avenae). The prevalence of 
races 8 and 10, which attack hitherto resistant vari- 
eties, has increased greatly in recent years. Both 
have extended their geographic range as shown in 
figure 12. 
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Fic. 12. The states of the United States and areas in 


Mexico in which race 8 of oats stem rust was found in 
the three years indicated on the map. Although found 
in three states in 1937, this race was found only near 
rusted barberries in Virginia in 1938, but since that 
time it has spread rapidly and increased in prevalence. 
The distribution in Canada is not shown on the map, 
but race 8 has been one of the common races according 
to Canadian reports in recent years. 


in the United States. These races were not 
found at all in Mexico, Texas, or Oklahoma, from 
which urediospores may be disseminated in the 
spring (51). Regardless of the relative amounts 
of rust resulting from wind-blown urediospores 
from the far south and that from aeciospores 
produced on barberries, more kinds of rust, 
that is, more parasitic races, come from the bar- 
berries. Race 56 of wheat stem rust was known 
in the barberry area for at least five vears before 
it was found in Texas and became established in 
northern Mexico. The destructive effects of 
this race have already been discussed. 

Some of the new races are weak in virulence 
and have low survival value. But virulent ones 
also are produced and occasionally they may 
become prevalent and widespread, thus upsetting 
the status quo with respect to resistant varieties, 
as has already been shown for race 56 of wheat 
stem rust and race 8 of oats stem rust. 

That there are important changes in the preva- 
lence and geographic distribution of physiologic 
races of the stem rust of wheat and of oats is 
apparent from long-time studies made in the 
United States, Canada, and Mexico (25, 50). 
Such studies have been made in the United States 
since 1917 and show clearly that there are de- 
cided shifts in the populations of physiologic 
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13. Population trends of wheat stem rust in northern 
Mexico and the United States. It is apparent that 
the prevalence tends to vary in the same manner in 
the two areas. Results obtained by Canadian in- 
that this is true for Canada also. 
This indicates that there is interchange of rust be- 
tween the three countries and that the problems of 
international. It will be noted that 
some races, notably 17 and 56, have increased in prev- 
alence while others, especially 36, and 49, have de- 
Because of such changes, the problem of 


vestigators show 
rust control are 


creased. 
maintaining resistant varieties changes from time to 
time. 


races. This is shown in figure 13, where a com- 
parison is made between population trends of 
10 races in northern Mexico and in the United 
States for 1930 to 1945, inclusive (see also fig. 
11). For many years there were only a few 
races of wheat stem rust in southern Mexico. 
Marquis wheat and certain other varieties were 
highly resistant to these rust races, although 
they were completely susceptible to a number of 
those that were prevalent in northern Mexico, 
the United States, and Canada. In_ fact, 
Marquis, which was discarded long ago in the 
spring wheat region of the United States and 
Canada because of its extreme susceptibility to 
stem rust, was virtually immune in southern 
Mexico. Since 1938, however, race 56, first 
found in the United States in 1928 and in north- 
ern Mexico in 1934, has also appeared occasion- 
ally in southern Mexico. It apparently took 
this race ten years to reach southern Mexico, 
but it appears to be established there now; and 
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the result is that the development of rust-resist- 
ant varieties is becoming more complex because 
of the recent establishment of this race and at 
least one other that also attacks hitherto resist- 
ant varieties. 

The story of stem rust in North America is 
not unique. It has been used merely as an 
example. There is evidence that it is an inter- 
national problem in eastern and southeastern 
Europe also, and probably in Asia as well (24, 
31, 35, 36). 

The control of certain epidemic diseases of 
plants must in many cases depend upon the use 
of resistant varieties. The production and 
maintenance of these varieties is complicated by 
the existence of parasitic races and the produc- 
tion of new ones. As many of these races may 
become widely distributed by the wind, it is by 
no means sufficient to know where and how 
abundant they are within national boundaries; 
it is essential to know their geographical distri- 
bution, regardless of international .boundaries. 
This either requires cooperative work such as 
that between Mexico and the United States, or 
independent work with frequent interchanges of 
information such as has been true of Canada 
and the United States. 

The solution of the stem rust problem and 
others of similar nature depends partly on a 
knowledge of the manifold forms in which a 
pathogen may exist. Plant breeders and path- 
ologists must know what they are breeding 
against in their attempts to obtain varieties that 
will be disease resistant in as many places and 
as long as possible. They try to breed resistant 
varieties faster and more intelligently than 
nature breeds new parasitic races of pathogens. 

As new pathogens and new parasitic races 
appear or threaten to appear, pathologists and 
breeders try to be ready for them (2). This re- 
quires continuous testing of varietal behavior in 
as many regions as possible and crossing, re- 
crossing, and backcrossing of varieties. It often 
is true that otherwise poor varieties may have 
the needed resistance to a particular pathogen 
or parasitic race. In varietal crosses a variety 
may supply the one character that is needed or 
may be needed in the future. Thus the com- 
binations indicated below produced Newthatch, 
one of the commercial varieties most generally 
resistant to stem rust (3). 


(Marquis X lumillo) X (Marquis 
xX Kanred) = Thatcher 
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(Marquis X Jaroslav Emmer) 

(Hope X Thatcher) backcrossed 
twice to Thatcher = 

Newthatch X Red Egyptian and 

or combinations XK = ? 


Hope 


Newthatch 


But Newthatch needs still more resistance to 
protect it against known potentially dangerous 
races of stem rust and against wheat leaf rust 
(Puccinia rubigo-vera tritict). So it has been 
crossed with varieties that also have multiple 
parentage. These varieties trace their ancestry 
back to many countries; therefore they are inter- 
national in origin and should be used for inter- 
national benefit. 

In his own participation in the development of 
disease resistant varieties of a limited number of 
crop plants, the writer recalls, at random, vari- 
eties or hybrid materials obtained from Sweden, 
Denmark, Holland, Germany, Italy, Poland, 
Russia, Algeria, Egypt, Turkey, Persia, China, 
India, Kenya, the Union of South Africa, Aus- 
tralia, Argentina, and Canada. And this is only 
a partial list. Plant scientists have indeed col- 
laborated freely in exchanging plants and plant 
materials between all parts of the world. But 
they have often done it without realizing that 
man is one of the most effective agents of dis- 
semination of plant pathogens across natural 
barriers such as oceans, high mountain ranges, 
and deserts. For many inconspicuous but 
dangerous plant pathogens are carried on or in 
seeds and other propagative parts of plants. In 
attempting to alleviate situations by introducing 
plant materials, therefore, man often has done 
himself great harm by introducing new pathogens 
or new kinds of old pathogens to create new 
problems. 

The introduction of new pathogens into an 
area is particularly dangerous because it often 
is impossible to predict what they will do in a 
new environment. Many plant pathogens that 
are relatively harmless where they are endemic 
are extremely destructive when introduced into 
a new area, either because weather conditions in 
their new home may be particularly favorable 
for their development or because the varieties 
of plants are far more susceptible than those in 
their native habitat. A good example is the 
chestnut blight fungus, Endothia parasitica. 
This is endemic in the Orient, where most of the 
native species of chestnut are resistant. When 
the pathogen was introduced into the United 
States, however, the American chestnut proved 
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so susceptible that the disease has now virtually 
eliminated this valuable species as a forest tree, 
despite all attempts to check its spread. 

Among the very destructive plant pathogens 
that have been transported by man into areas 
to which they would not have been carried by 
natural agents of dissemination are Phytophthora 
infestans, the organism causing the destructive 
late blight of potatoes and tomatoes; Uncinula 
necator, the powdery mildew of grapes; Plas- 
mopara viticola, the downy mildew of grapes; 
Sphaerotheca mors-uvae, the powdery mildew of 
gooseberries; Pseudoperonospora humuli, the 
powdery mildew of hops; Xanthomonas citri, 
which causes citrus canker; and others too num- 
erous to mention.® 

Phytophthora infestans appears to have been 
endemic in South America and apparently was 
carried on potato tubers to western Europe and 
northeastern North America between 1830 and 
1840. In 1845 it caused terrific losses in north- 
eastern United States and virtually destroyed 
the entire potato crop in western Europe. The 
results were particularly disastrous in Ireland 
where potato was the staple food crop of several 
millions of Irish peasants. So complete was the 
destruction that a quarter of a million people 
died of starvation or of disease following under- 
nourishment. The pathogen is now present in 
all principal potato-growing areas of the world, 
where weather conditions are at all favorable for 
its development (55). And despite the fact 
that the disease can be controlled by proper 
spraying or dusting, there still are extremely 
destructive epidemics because the disease some- 
times strikes unexpectedly and with annihilating 
swiftness and severity. Moreover, it spreads so 
rapidly during periods of rainy weather and 
favorable temperatures that it sometimes is im- 
possible to spray or dust in time to avert the 
damage. Thus, in Germany, a country in which 
plant diseases are in general controlled remark- 
ably well, the late blight destroyed one-third of 
the potato crop in 1916. The total loss was 
approximately a quarter of a million bushels. 
Again in 1926 the disease caused terrific losses 
in Central Europe (38). Because of the cost 
of control measures, which must be used as 
insurance even in non-epidemic years, attempts 

®> General summaries and viewpoint papers bearing on 
dissemination of pathogens by man and related plant 
quarantine problems are listed in ‘‘References’’ under 
numbers: 4, 12 ,14, 15, 17, 22, 27, 28, 37, 38, 54. 
The most recent and comprehensive is no. 22. 







































































































































































































































































106 


have been made for almost half a century to 
develop blight-resistant varieties of potatoes. 
As is the case with so many pathogens, however, 
there are parasitic races of the blight fungus, and 
the appearance of new ones has all too often 
nullified the efforts of breeders. 

About the middle of the last century, Uncinula 
necator, the organism causing the powdery mil- 
dew of grapes, was carried into Europe from 
the United States, where the disease had long 
been known. The European varieties were so 
much more susceptible than the American vari- 
eties as to elevate the mildew from an ordinary 
disease to an extremely destructive one. Be- 
tween 1850 and 1854, the yield of wine in France 
was reduced 75 per cent. It was finally found that 
the disease could be controlled by dusting grapes 
with sulfur, but labor and materials are a formida- 
ble item in the cost of production of wine grapes. 

Plasmopara viticola, which downy 
mildew of grapes, is another pathogen that was 
carried from the United States to Europe, where 
it raised havoc with wine production. It had 
long been known that European varieties of 
wine grapes were far more susceptible in the 
United States than native varieties, but it was 
also known that American varieties were very 
much more resistant to Phylloxera than the 
Kuropean varieties. Therefore American vari- 
eties were introduced into Europe about 1870, 
and with them the downy-mildew pathogen. 
The disease became extremely destructive within 
ten years and spread to all of the wine-producing 
regions of Europe. In Italy alone, in a single 
year, 12 million hectoliters of wine were lost be- 
cause of the disease, and the aggregate losses 
Again, there must be 


causes 


have been staggering. 
added to the actual losses the cost of spraying 


repeatedly to keep the disease from ruining the 
The disease appeared in South Africa in 
1907, in Australia in 1917, and in New Zealand 
in 1926, so that it is now world-wide. 

Plant pathology was still in its infancy when 
the potato late-blight fungus, the powdery and 
downy mildews of grapes, and some other patho- 


crop. 


gens were distributed, to menace the production 
of important crops in areas that would have re- 
mained free from these pathogens except for the 
intervention of man. But the experience with 


these three diseases and increased knowledge 


regarding the nature and means of dissemination 
of plant pathogens did not deter man from doing 
himself still further harm by transporting unde- 
sired pathogens with desired plants. 


ELVIN CHARLES STAKMAN 


[PROC. AMER. PHIL. SOC, 


Pseudoperonospora humuli was known on wild 
hops in Japan and the United States for a 
number of years prior to 1920. The pathogen 
was considered interesting rather than important. 
But in 1920 an unknown downy mildew appeared 
on cultivated hops in southeastern England 
where plants had been imported from Japan. 
It was not found in 1921 but flared up in epidemic 
form in 1922, causing losses as high as $250.00 
an acre (32,33). The pathogen proved to be 
Pseudoperonospora humuli. Within ten years 
this pathogen spread to Belgium, France, 
Germany, Holland, Sweden, Poland, Czechoslo- 
vakia, Austria, Italy, Hungary, Jugoslavia, 
Rumania, and Russia. And so an inconspicuous 
pathogen was unwittingly carried by man across 
ocean barriers to a locality where it was unknown 
until it appeared in 1920 and disappeared during 
the next year. But like a hidden spark among 
inflammables, it flared into a conflagration in 
1922, then, fanned by the wind, spread rapidly 
over a continent with devastating effect. And 
the most inflammable materials were the superior 
but extremely susceptible varieties of hops, 
produced by plant breeders through long and 
painstaking effort but without premonition of 
the menace of a distant and apparently unim- 
portant little fungus. And so a new and costly 
plant-disease control problem was created (18). 

Examples such as those given above might be 
multiplied almost indefinitely. The white pine 
blister rust, citrus canker disease, the Dutch elm 
disease, the stripe smut of wheat, fire blight of 
apples and pears, many virus diseases, and 
numerous others owe their destructive exist- 
ence in large land areas to the ignorance or care- 
lessness of man in disseminating plant pathogens 
far and wide. 

It is not only new pathogens that man has 
distributed over the world: He often has dis- 
tributed new kinds of old pathogens and is still 
doing so. Many pathogens that have long 
existed in certain countries are only moderately 
destructive, because nature or man has selected 
or developed varieties with some degree of 
resistance. In many cases there appears to 
have been merely a process of natural selection 
and the survival of the fittest plant types. In 
other cases plant breeders and plant pathologists 
have labored long and hard to produce disease- 
resistant varieties. It is already clear, however, 
that a recognizable species may comprise many 
parasitic races, which can be distinguished only 
by their behavior. Moreover, the behavior 
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of a pathogen in one region is not necessarily an 
indication of what its behavior may be in another 
region. It is small wonder, then, that nations 
try to protect themselves by means of plant 
quarantines, just as they do in the case of human 
diseases and animal diseases. But not only the 
species of pathogens but also their component 
parasitic races must be considered in any at- 
tempts to prevent the promiscuous interchange 
of pathogens by means of quarantine regulations. 

How important a knowledge of physiologic 
specialization is in formulating protective meas- 
ures against the international exchange of 
pathogens can be illustrated by a few examples. 
Flax rust, Melampsora lini, one of the more than 
3,000 species of rust fungi, is one of the most 
destructive diseases of flax. Its control depends 
on resistant varieties; but no variety of flax is 
resistant to all of the known parasitic races of 
this fungus. As far as now known, however, 
there is no single country in which all of the 
races occur. It is therefore of the greatest 
possible importance to prevent the introduction 
of new races into areas where varieties are resist- 
ant to the races there prevalent. As another 
example, Reed (29) in the United States and 
Miss Sampson (34) in Wales showed a number 
of years ago that a type of oats, Avena brevis, 
was almost immune from American oat smut but 
completely susceptible to that in Wales. Con- 
versely, the variety Canadian was completely 
susceptible to the American smut and almost 
immune from that in Wales. The same thing 


KHAPLi EMMER 


MINNESOTA PERU 


RESISTANT 


SUSCEPTIBLE 


Fic. 14. Khapli emmer, grown in Minnesota and in Peru. 
This variety has been highly resistant wherever grown 
in the United States since its introduction in 1908; 
but it has repeatedly been ruined by rust in Peru be- 
cause of the existence there of race 189, which has not 
yet been found in North America. 
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Fic. 15. Germinating spores of corn smut, Ustilago zeae, 
showing the development of 4-celled promycelial 
tubes, on each cell of which is produced a sporidium 
which can multiply repeatedly by yeast-like budding 
but which also is in the nature of a germ cell. 


is true of the stinking smut of wheat, 7illetia 
tritici, which causes heavy losses in certain 
wheat-growing regions and which can be con- 
trolled in some regions only by the use of resist- 
ant varieties. Through cooperative investiga- 
tions between E. F. Gaines, in the United States, 
and T. H. Roemer, in Germany, it was found 
that some of the most resistant American varie- 
ties were completely susceptible to smut in 
Germany (30). Still one other example: For 
about forty years attempts have been made 
in the United States to produce varieties of 
wheat resistant to the manifold parasitic races 
of stem rust. Varieties now have been produced 
that are resistant to all of the prevalent races. 
It is known, however, that race 189, which occurs 
in limited areas in western South America and in 
China (16,56), can completely destroy the 
American varieties. This is proved by the fact 
that these varieties have been grown where race 
189 prevails, with disastrous results (fig. 14). 
It is unlikely that viable spores of race 189 would 
be carried into North America by the wind from 
south of the equator or across the Pacific Ocean. 
But man could easily do the job. 

It cannot be emphasized too strongly that 
hidden danger may lurk in merely a_ small 
number of spores of many pathogenic fungi, or, 
theoretically at least, in a single spore. This is 
shown clearly by results of genetic studies on the 
ordinary corn smut fungus, Ustilago zeae. 
From the progeny of a cross between unisexual 
sporidia, less than 10 microns in length, more 
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Fic. 16. Recombinations resulting from crossing two lines 

of the corn smut fungus. Parental lines are at the 
lhe vertical rows of cultures marked B, D, and 
F were obtained by isolating the 4 sporidia, such as 
those shown in figure 15, from each of 3 chlamydospores 


top. 
and permitting them to multiply on nutrient media. 


than 5,000 different lines or biotypes were ob- 
tained by intercrossing between segregates and 
mutants. Among the biotypes derived from 
these two single cells there were differences in 
every observable character, morphologic, physi- 
ologic, and pathogenic (45). It is not exaggera- 
tion to say that a student of pathogenic fungi 
could occupy himself for a lifetime in studying 
the biotypes or lines derived from a_ single 
chlamydospore of corn smut® (fig. 15 and 16). 


The following references summarize pertinent informa- 
tion on the genetics of certain fungi in relation to produc- 


tion of new races: 5, 7, 10, 20, 40, 42. 
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But when smuts and other plant pathogens 
are carried from one country to another, they 
are not carried as single spores. <A single kernel 
of wheat converted into smut spores by the 
stinking-smut fungus referred to above may 
contain about 10 million When one 
considers the difficulty or impossibility of de- 
tecting many of these pathogens in quarantine 
inspection procedures, one wondefts whether 
additional precautions should not be taken. The 
infection is often inside of seeds or other propaga- 
tive parts of plants (fig. 17). And fungi do not 


spores. 
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Fic. 17. Smuts of wheat and barley, with normal heads of 
each in the middle. Upper left, bunt or stinking 
smut o. wheat. The smutted kernels each contain 
5 to 10 million spores. Upper right, loose smut of 
wheat. Lower left, covered smut of barley; lower 
right, loose smut. All of these smuts are seed borne, 
the loose smuts inside the seed, and all comprise many 
parasitic races that can be transmitted to new areas. 
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constitute the most difficult problem, because 
proximate identification sometimes can be made 
by using a microscope, but even proximate 
identification of most kinds of bacteria is rela- 
tively valueless, and viruses defy the ordinary 
microscope entirely. 

For the sake of mutual protection and the 
safeguarding of the world’s food supply, it is 
urgently desirable that cooperative investiga- 
tions be made on an international basis to deter- 
mine the prevalence of diseases, the nature of 
the pathogens and their parasitic races, the 
behavior of varieties of crop plants to diseases, 
and the factors affecting disease development. 
If all plant diseases could be controlled by the 
use of resistant varieties, it would be far easier 
for peoples to feed and clothe themselves than 
it now is. One of the greatest single hazards in 
crop production would be eliminated, and the 
cost of production would be greatly decreased. 
To prevent violent fluctuations in total produc- 
tion and to safeguard the resistant varieties of 
crop plants now grown in various countries, 
there must be more effective international co- 
operation in the necessary investigations that 
are basic to knowledge and procedures in con- 
trolling diseases by quarantines and other 
methods. 

Plant pathologists, like most other groups of 
scientists, have interchanged information and 
materials freely in the past. They have col- 
laborated in investigations where feasible. But 
geographic and political handicaps have limited 
effective and essential cooperative investigations. 
There are, of course, many possible ways of 
facilitating such investigations. Possibly one of 
the simplest ways to cooperate is to cooperate. 
Recognizing the mutual value of at least ex- 
changing facts and materials quickly, the Amer- 
ican Phytopathological Society has proposed to 
individuals or organizations in other countries 
that summaries be prepared in each country 
annually for regular publication in one journal, 
with a view to the following: (1) exchange of 
information and materials in connection with 
the development of disease-resistant varieties of 
plants; (2) exchange of information, and pos- 
sibly materials, in the general field of plant 
disease control through the use of fungicides 
and other methods; (3) provision for the ex- 
change of information regarding outstanding 
developments in plant pathology in various 
countries, including particularly information on 
outbreaks of new or unusual diseases. The 
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reaction to the proposal has been favorable, and, 
in many countries, enthusiastic. There is every 
expectation that the enthusiasm will be trans- 
lated into action. 

Every thinking person must hope that the 
ambition to expand the boundaries of knowledge 
will always really burn within many human 
breasts, whether the motivation be pure intel- 
lectual curiosity or a desire to render social 
service. Motives probably often are manifold 
and mixed. I cannot refrain from saying that 
an infinity of problems in the field of plant 
pathology are insistently fascinating and chal- 
lenging, even though their solution would have 
no foreseeable practical value. And the solu- 
tion would tax the intelligence and inventiveness 
of the best minds in the various scientific guilds 
within the fields of biology, chemistry, and 
physics. This is a tribute that | want to pay 
the science of phytopathology, expecially since 
it has seemed necessary to emphasize in this 
paper the vital necessity of international co- 
operation in helping, through controlling plant 
diseases, to remove at least some of the fear of 
want among human beings, wherever they may 
be. 
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RECOGNITION of the dominant role played by 
the amino acids in nitrogen metabolism is a 
comparatively recent development in biochemis- 
try. Prior to 1900, very meager information 
existed concerning the distribution of amino 
acids in the proteins of the food. Under the 
circumstances, proteins of different sources 
appear to have been regarded as essentially 
equal in nutritive value. It is not surprising, 
therefore, to find that the literature of the time 
emphasized the quantity of proteins consumed, 
and gave scant consideration to possible differ- 
ences in their nutritive quality. 

Shortly after the turn of the century, the ad- 
vent of more reliable analytical procedures en- 
abled biochemists, for the first time, to obtain 
reasonably accurate information concerning the 
make-up of proteins. Thereafter, it became 


evident that proteins of different sources vary 
tremendously in the kind and amounts of amino 
acids of which they are composed. 


Indeed, no 
two proteins are exactly alike. Notable ex- 
amples of differences are the lysine deficiency 
of gliadin of wheat, and the lysine and trypto- 
phane deficiencies of zein of corn. Gelatin, 
one of the few proteins the nutritive inferiority 
of which was recognized early, is almost or en- 
tirely devoid of valine, tyrosine, and trypto- 
phane, and has a low content of several other 
amino acids. 

These and similar observations directed at- 
tention to the nutritive significance of the 
individual amino acids. Does their wide dis- 
tribution in the proteins of the food indicate that 
all must be supplied preformed? If not, which 
are indispensable; and which are dispensable in 
the sense that they can be synthesized in vivo 
out of relatively simple materials? 

Among the first to appreciate the importance 
of questions of this nature were Osborne and 
Mendel (1). In 1914 these investigators furn- 
ished the first clear-cut demonstration that the 
presence or absence of a single dietary amino 
acid may determine the nutritive success or 
failure of an animal. They showed that young 
rats are unable to grow upon a diet containing 
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gliadin as the sole protein unless lysine is in- 
corporated in the food. In like manner, they 
(1) proved that tryptophane also plays a unique 
role. Animals receiving rations in which zein 
is the only protein rapidly lose weight and 
eventually die. On the other hand, the addition 
of tryptophane and lysine to the food results in 
survival and_ satisfactory gains in weight. 
Neither amino acid is effective alone. Thus, 
both lysine and tryptophane were shown to be 
essential dietary components for the growing rat. 

Following these classic investigations, numer- 
ous attempts were made to demonstrate the 
nutritive significance of other amino acids.! 
For the most part, such efforts were unsuccessful. 
Progress was hampered by the fact that very 
few proteins are devoid of single amino acids, 
and no methods were available at the time 
whereby specific amino acids could be removed 
quantitatively. During the sixteen years which 
followed the publication of Osborne and Mendel’s 
findings only one additional amino acid, namely 
histidine, was classified definitely with respect to 
its nutritive role. It, like lysine and trypto- 
phane, proved to be indispensable for the 
growth of the rat (2, 3). 

In the light of the above facts it appeared that, 
if further information was to be obtained, one 
must resort to the use of diets in which proteins 
were replaced by mixtures of highly purified 
amino acids. Such investigations were inaug- 
urated in the Biochemical Laboratories of the 
University of Illinois in 1930. 

Space does not permit a detailed account of 
the difficulties and disappointments associated 
with the earlier attempts to replace proteins by 
mixtures of amino acids. It soon became ap- 
parent that the amino acids then known, when 
incorporated in otherwise adequate diets, were 
incapable of supporting growth (4). Evidently, 
proteins supply something which was not present 
in our original mixtures. Recognition of this 
fact led eventually to the isolation and identifi- 
cation (5) of anew amino acid. This compound 

''The earlier literature is reviewed by Rose, W. C., 
Physiol. Rev. 18: 109, 1938. 
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was named threonine (6). The addition of 
threonine to mixtures of the other amino acids 
exerted a profound effect upon the behavior of 
the animals. The mixtures now became excel- 
lent substitutes for dietary protein. Thus, the 
discovery of threonine not only added a fourth 
amino acid to the group of dietary essentials, 
but also provided a procedure whereby the 
nutritive importance of the other amino acids 
could be established by omitting them from the 
food one at a time. Using this technique, the 
remaining components of proteins were promptly 
classified (7). The results are summarized in the 
following table. 
TABLE 1 
CLASSIFICATION OF THE AMINO ACIDS WITH RESPECT 
TO THEIR GROWTH EFFECTS IN THE RAT 


Essential Non-essential 


Lysine 
Tryptophane 
Histidine 
Phenylalanine ‘ 
Leucine 
Isoleucine 
Threonine 
Methionine 
Valine 

*Arginine 


Glycine 

Alanine 

Serine 

Aspartic acid 
Glutamic acid 
Proline 
Hydroxyproline 
Tyrosine 
Cystine 
Citrulline 


* Arginine can be synthesized by the organism of the 
rat but not at a sufficiently rapid rate to meet the demands 
of maximum growth. 


The exclusion from the food of any one of the 
first nine amino acids of the essential group leads 
to complete nutritive failure. The animals 
manifest rapid losses in weight and decreased 
food consumption. Eventually they die unless 
the composition of the ration is appropriately 
altered. In contrast to these spectacular effects, 
the removal of arginine from the diet merely 
diminishes the rate of gain. Under otherwise 
favorable dietary conditions, animals deprived 
of arginine grow scarcely more than half as 
rapidly as do litter-mate controls which receive 
this amino acid (8). This is accounted for by 
the fact that arginine can be synthesized in vivo 
(9), but at a rate which does not keep pace with 
the needs of the organism for normal growth. 
This behavior differentiates arginine from the 
non-essential amino acids, which apparently 
can be manufactured in sufficient amounts to 
meet fully the requirements of the animal. 

A mixture of the ten essential acids, in suitable 
proportions, is a remarkably efficient source of 


AMINO ACIDS IN HUMAN NUTRITION 


113 


nitrogen for many _ physiological functions. 
Upon such mixtures, rats not only grow quite 
satisfactorily but are able to reproduce and rear 
their young (10). This is the more astounding 
when one recalls that, under these circumstances, 
the organism must manufacture the non-essen- 
tials not only for its own tissue requirements 
but for the production of an adequate milk 
supply as well. 

In view of the effectiveness of mixtures of this 
sort in the animal organism, it seemed not im- 
probable that they might prove to be adequate 
sources of nitrogen for human needs. Through- 
out our animal experiments, extending over a 
period of many years, the ultimate goal has al- 
ways been the establishment of the amino acid 
requirements of man. Until recently, however, 
the cost of such investigations rendered them 
impracticable.* 

During the autumn of 1942 studies in the 
human species were actually undertaken.’ For 
this purpose, healthy male graduate students 
served as the experimental subjects. The diets 
were not the kind one would select of his own 
volition. Most natural foods contain significant 
quantities of proteins, and hence of amino acids, 
and consequently are unsatisfactory for the 
purposes in question. Indeed, the acceptable 
articles of food consisted solely of highly purified 
amino acids, starch, cane sugar, butter (which 
had been melted and centrifugated to remove 
particles of protein), inorganic salts, and vita- 
mins. The starch, inorganic salts, and parts of 
the sugar and butterfat were mixed with water 
and baked into wafers. The remaining portions 
of butter and sugar were consumed separately, 
the former as a spread for the wafers, and the 
latter as a flavoring agent for the amino acids. 
The vitamins were supplied in the form of daily 
doses of cod liver oil, thiamine hydrochloride, 
riboflavin, pyridoxine hydrochloride, nicotin- 
amide, ascorbic acid, calcium d-pantothenate, 

2 The human experiments have been supported by grants 
from the Nutrition Foundation, Inc., and the Graduate 
School Research Fund of the University of Illinois. With- 
out the generous aid of the Nutrition Foundation the 
investigations in man could not have been undertaken. 

The animal experiments have been supported by liberal 
grants from the Rockefeller Foundation, and the Graduate 
School Research Fund of the University of Illinois. 

3 Preliminary reports of these investigations have been 
published as follows: Rose, W. C., W. J. Haines, and J. E. 
Johnson, Jour. Biol. Chem. 146: 683, 1942; Rose, W. C., 
W. J. Haines, J. E. Johnson, and D. T. Warner, Jour. Biol. 


Chem. 148: 457, 1943; and Rose, W. C. Proc. Inst. Med. of 
Chicago 15: 24, 1944. 
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alpha-tocopherol, 2-methyl-1, 4-naphthoquin- 
one, and a concentrate of liver equivalent to 5 
gm. of Wilson's “‘liver powder 1:20."" The 
amino acid mixtures furnished 7 to 10 gm. of 
nitrogen daily, and were taken in solution 
flavored with sugar and filtered lemon juice. 
From such a diet, the daily intake of nitrogen of 
an unknown nature does not exceed 0.35 gm. 

The amino acid mixture used in the first ex- 
periments was the ten 
previously found to be necessary for animals 
(cf. table 1). Within a few days the subjects 
came into nitrogen equilibrium, and were thus 
maintained until the character of the amino acid 
mixture was altered. The fact that under these 
conditions nitrogen balance was accomplished 
so readily demonstrates that the ten amino acids 
which are dispensable for animals are also dis- 
pensable for man. 

At the expiration of the fore period in each 
subject, single amino acids were omitted from the 
food and the effects upon nitrogen balance were 
noted. The results demonstrated that valine, 
methionine, threonine, leucine, isoleucine, phenyl- 
alanine, tryptophane, and lysine are necessary 
constituents of the diet of man. ‘The exclusion of 


composed of acids 


each from the food was followed by a pronounced 


negative nitrogen balance, a profound failure in 
appetite, a sensation of extreme fatigue, and a 
marked increase in nervous irritability. These 
symptoms were observed even when the sub- 
jects were unaware that a dietary aJteration had 
been made. With the return of the missing 
amino acid to the food, nitrogen equilibrium was 
reestablished promptly, and the subjective 
symptoms disappeared. 

The findings with histidine were most unex- 
pected. This amino acid is required by all 
species of animals thus far tested. Despite this 
fact, its exclusion from the human diet induced 
no change whatsoever in the state of the nitrogen 
balance. At first this observation was viewed 
with skepticism. We suspected that, despite 
the intensive purification of the amino acids, 
histidine had found its way into the food as a 
contaminant. Careful tests showed this not to 
be the case. Repetition of the feeding trials 
with other subjects led to identical conclusions. 
Furthermore, the marked negative balance 
induced by isoleucine or phenylalanine depriva- 
tion was remedied promptly by the return of 
isoleucine or phenylalanine to the food even in 
the absence of histidine. Similar results followed 
the removal of arginine from the diet. In no 
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instance did arginine deprivation lead to a 
negative nitrogen balance. Evidently, histidine 
and arginine are not necessary for the maintenance 
of nitrogen equilibrium in human adults. The 
question whether the growing child, like the grow- 
ing animal, requires arginine, or both histidine and 
arginine, must await the results of further in- 
vestigations. Moreover, one cannot yet ex- 
clude the possibility that certain amino acids 
which are not essential for nitrogen equilibrium 
in normal subjects may become necessary for 
special functions, or during disease. 

Having established qualitatively the amino acid 
requirements of normal man, attention is now 
being directed to quantitative studies. The ob- 
jective in these is to discover just how much of 
each of the eight essentials is necessary to main- 
tain nitrogen equilibrium. For this purpose, the 
composition of the diet with respect to seven of 
the acids is kept constant, while the eighth is 
progressively lowered. In this fashion the 
minimum level is found which is compatible with 
consistent nitrogen balance. 

Such investigations are much more difficult 
than those described above. Not only must the 
tests be conducted over longer periods of time, 
but they must be extended to a larger number of 
subjects in order to determine the degree of 
individual variation. Thus experiments of this 
nature are time-consuming, and are expensive 
because of the large quantities of amino acids 
involved in the prolonged feeding trials 

In approaching this problem it was immedi- 
ately evident that the daily requirements of 
man, per kilo of body weight, could not exceed 
the values obtained by dividing the actual in- 
takes employed in the qualitative tests by the 
weight of the heaviest subject. Such figures are 
presented in the second column of table 2. By 
multiplying these by seventy the figures in the 


TABLE 2 


Upper Limits OF THE DAILY REQUIREMENTS 


For a 70 
kilo man 


Per kilo of 
body weight 
meg. gm. 

Valine 59 4.13 
Leucine 67 4.69 
Isoleucine 42 2.94 
Threonine 42 .94 
Methionine 50 3.50 
Phenylalanine 59 13 
Tryptophane 26 82 
Lysine 84 .88 
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third column are obtained. These represent the 
highest possible requirements of a 70 kilo man. 
In other words, the values in the third column 
may be, and probably are, higher than the 
minimum requirements, since the intent was to 
furnish each in abundance, but certainly they 
are not too low. Such are the levels of intake 
being employed initially in each of the quantita- 
tive tests. As will be shown below, evidence is 
already available indicating that, at least in 
some instances, these levels greatly exceed the 
actual minimum requirements. 

It is not possible at this time to list with 
finality any of the minimum amino acid re- 
quirements of man. When further information 
becomes available, so that no doubt exists as to 
the accuracy of the data, both the qualitative 
and quantitative findings will be published in 
full, together with the evidence therefor. In 
the meantime, the tryptophane requirement 
seems to have been established with sufficient 
certainty to warrant a fentative figure. Careful 
tests upon two subjects have vielded identical 
results. In each, the minimum level compatible 
with consistent nitrogen equilibrium proved to 
be 0.15 gm. per day. This is remarkably low as 


compared with the intake of 1.82 gms. in our 


qualitative tests (cf. table 2). 

Once this apparent minimum had been es- 
tablished all other subjects employed in quanti- 
tative studies, regardless of the amino acid being 
investigated, received daily intakes of trypto- 
phane which did not exceed 0.3 gm. Obviously, 
it would not be a safe procedure, under ordinary 
dietary conditions, to administer the minimum 
amount of any essential, since some variation in 
the requirement may occur under special 
circumstances or in different individuals. Rea- 
son dictates that in so important a matter as the 
formulation of an adequate diet provision be 
made for an appropriate excess of each indis- 
pensable constituent. In all probability we shall 
recommend eventually that the daily intakes of 
the essential amino acids exceed the minima by 
100 per cent. This would appear to provide a 
sufficient ‘factor of safety” for all contingencies, 
at least in normal individuals. That this 
applies to tryptophane is indicated by the fact 
that eighteen different individuals have been 
kept in nitrogen balance upon daily intakes of 
0.3 gm. or less. 

The significance of this quantity of trypto- 
phane can be appreciated more readily when 
expressed in terms of familiar foods. Table 3 
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TABLE 3 
APPROXIMATE QUANTITIES OF TYPICAL Foops 


Wuicu ARE CAPABLE OF FURNISHING 
0.3 GM. OF TRYPTOPHANE 


Whole milk 

Whole eggs 

Liver (calf) 

Beef (lean) 

Bread (white) 
Rolled oats (cooked) 


650 cc. 

150 gms. 
100 gms. 
145 gms. 
275 gms. 
850 gms. 


provides illustrations of this nature. Each 
figure represents the approximate amount of 
the food which is capable of furnishing 0.3 gm. 
of the amino acid. 

Inasmuch as the average American diet con- 
tains many foods which contribute substantial 
amounts of tryptophane, the probability of a 
deficiency of this amino acid, under normal con- 
ditions, seems quite remote. This is not nec- 
essarily true, however, of those areas of the 
world which have been devastated by war, and in 
which all foods are in short supply, particularly 
those of animal origin. Under such circum- 
stances, the possibility of a suboptimum intake 
of tryptophane cannot be excluded. Reassur- 
ing is the fact that the quantity of tryptophane 
involved is surprisingly small. Furthermore, 
should the requirement of the organism for the 
other amino acids prove to be correspondingly 
low, as appears to be the case in some instances, 
the likelihood of deficiencies of this nature, even 
under adverse dietary conditions, will be min- 
imized. 

Measurements similar to those conducted with 
tryptophane are now in progress with the other 
amino acids. Already many data have been 
accumulated. When minimum values for all of 
the essentials become available, biochemists will 
be in position, for the first time, to evaluate the 
nutritive qualities of proteins in terms of their 
ability to meet human needs. At present, all 
such appraisals are based upon animal tests. 
Attention has already been directed to the 
qualitative differences between the amino acid 
requirements of man for the maintenance of 
nitrogen equilibrium and of the rat for optimum 
growth. But this is not the only divergence 
between the two species. Quantitative differ- 
ences also exist. Thus, on an equal weight 
basis, the tryptophane requirement of the rat 
for normal growth is approximately seventy 
times that of the human adult for maintenance. 
It does not necessarily follow, therefore, that 
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estimates of nutritive quality resulting from 
animal tests are applicable to man. 

Finally, much interest is being manifested in 
clinical circles regarding the efficacy of amino 
acids as therapeutic agents. Unlike proteins, 
amino acids can be safely introduced into the 
blood stream. Their possible usefulness for the 
intravenous feeding of patients who temporarily 
are unable to consume food in the normal way 
was suggested by the author (11) in 1934, and is 
now being explored in a number of laboratories. 
Reports appear to indicate that parenteral or 
oral administration may be beneficial in the 
treatment of severe burns, as an aid in promoting 
the healing of wounds, and as a means of reduc- 
ing the surgical risk in patients who enter the 
clinic in poor nutritive condition. It is still too 
early to assess the worth of these observations. 
Moreover, it is quite certain that the most ap- 
propriate mixture for clinical purposes has not 
yet been prepared, since the prerequisite in- 
formation respecting the amino acid require- 
ments of man is not available. When the mini- 
mum values for all of the essentials have been 
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established a mixture can be formulated in 
which the amount of each component is ad- 
justed to the needs of the body for it. Such a 


material may prove to be the most efficient 
source of nitrogen ever devised. 
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PUBLICATION AND THE DISTRIBUTION OF PUBLICATIONS 


ALEXANDER WETMORE 


Secretary, Smithsonian Institution 


(Read October 22, 1946, in Philadelphia in the Symposium of the National Academy of Sciences 
on Problems of International Cooperation in Science) 


IN any successful scientific investigation, un- 
dertaken for the purpose of increasing human 
knowledge, there comes a point, either at the 
end of the work, or at some stage of accomplish- 
ment on the way to that end, when a permanent 
record for the future and a diffusion of knowl- 
edge of result obtained becomes a necessary 
matter. Ordinarily the investigator has been 
dependent to some degree during his own studies 
on literature recording the findings of others, and 
in turn puts down his own observations as—he 
hopes—an advance in the field concerned. The 
result may be a few paragraphs, issued perhaps 
in a technical journal, or a special volume or 
series of volumes. 

This procedure was a relatively simple matter 
up to a few years ago, but with increase in 
scientific investigations the literature in many 
fields has grown almost beyond comprehension. 
Discussion of it may aid by outlining present 
programs so that the problem may be better 
understood. 

To point up this phase of the presentation, 
the writer may be permitted to outline briefly 
the publication practice in the Smithsonian 
Institution, this being the one with which he is 
most familiar. 

Researches in Smithsonian laboratories go 
forward constantly in a wide variety of fields. 
Shorter accounts of the results usually are placed 
in one of the scientific journals, particularly 
where they concern new information that it is 
desired to make available promptly without 
waiting for completion of a prolonged investiga- 
tion? 

For longer, more detailed contributions, the 
Smithsonian has several series of publications 
devoted to definite phases of its work. In in- 
vestigations based on the varied collections in the 
National Museum, the Proceedings of the United 
States National Museum is available for short 
papers that ordinarily cover some phase of re- 
search in the natural sciences, such as systematic 
revisions of genera, descriptions of forms that 
are new to science, synopses of the classification 
of families, analyses of new minerals, and similar 





topics. Such papers may run from one or two 
to thirty or forty pages in length. 

Longer contributions of the same nature are 
issued as Bulletins of the United States National 
Museum. These also may include papers of a 
more general nature that may have interest out- 
side the systematic field. As examples, there 
may be mentioned an important and highly 
popular series on the Life Histories of North 
American Birds of which fourteen volumes have 
been issued at present, catalogues of collections 
in anthropology, or in the industries, and other 
general treatises. Many of the papers in sys- 
tematic zoology form monographs in their 
particular fields. 

Another series, the Contributions of the National 
Herbarium, provide for papers on botanical sub- 
jects, usually systematic in nature, but including 
also general accounts and bibliographies. 

Works in anthropology are covered in the 
Bulletin of the Bureau of American Ethnology. 
These may be papers on various phases of 
anthropology, ethnological volumes, studies in 
linguistics, accounts of archeological investiga- 
tions, and so on. An important treatise now in 
process of publication is the /7Zandbook of the 
South American Indians which will cover five 
large volumes when complete. 

The recently established Institute of Social 
Anthropology, which deals with studies of 
primitive populations from the standpoint of 
their adaptation to their environment, has an- 
other series to deal with its own particular field. 
The Institute has services in several countries 
of Hispanic America where students of the 
country receive training under a cooperative 
arrangement, made through the State Depart- 
ment, between the Smithsonian and the country 
concerned. The publications cover studies em- 
anating from local investigations. 

The Astrophysical Observatory, which in- 
vestigates the radiation of light and heat from 
the sun and other heavenly bodies, has Annals 
devoted to the details of this field, including such 
standard treatises as World Weather Records. 

The Annual Report of the Smithsonian Institu- 
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tion is the administrative report of the organiza- 
tion, issued in concise form, with an appendix of 
semi-popular papers on current science in all 
fields, these being intended for the teacher and 
for the interested reader who does not have ac- 
cess to large libraries. The articles are selected 
to give a general view of current activity in the 
entire scientific field and include original material 
written for the Report, and also reprinted articles 
of merit that have appeared in various journals, 
and that for the Report are often considerably 
expanded or even completely rewritten. These 
report volumes are highly regarded and have a 
wide distribution. 

The publications mentioned to this point 
have been those issued through the Government 
Printing Office and paid for through appropriated 
federal funds. The Institution also has certain 
publications printed at the expense of income 
from its endowments, or from moneys specially 
contributed for the purpose. Foremost among 
these is the Smithsonian Miscellaneous Collec- 
tions, now in its one handred sixth volume, which 
includes scientific papers, long or short, in any 
field. These may be descriptions of hitherto 


unknown forms of life, revisionary or general 
papers in biology, or such diverse matters as 


studies in physics, mathematics, or other 
branches of science. Where necessary, short 
papers may be issued in a minimum of time in 
order to make the information quickly available. 
Usually, several volumes are in progress simul- 
taneously, the contributions consisting of sepa- 
rate papers, with those on similar subjects 
placed together for convenience of consultation 
when the complete volumes are finally bound. 
Longer contributions may form the entire con- 
tent of single volumes. Such are the well known 
Smithsonian Physical Tables. 

The Freer Gallery of Art, which deals both in 
the artistic and the scientific field through studies 
that are frequently archeological and historical 
as well as artistic in character, has recently be- 
gun a series of Oriental Studies that cover ac- 
counts of its collections. Shorter contributions 
will be treated in another series to be called 
Occasional Papers. 

The distribution of this published material is 
a matter of prime importance to which very 
careful consideration has been given from the 
earliest days of the Smithsonian. The publica- 
tions of the Institution are considered source 
materials, and endeavor is made to place com- 
plete sets in permanent libraries where the 
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volumes will remain available for consideration 
when the various papers that compose them are 
no longer available for distribution. 

At the present time complete sets of Smith- 
sonian publications are forwarded to approxi- 
mately 650 libraries in the United States, and to 
450 more located in the other countries of the 
world, a total of about 1,100 such depositories. 
In foreign distribution, endeavor is made to 
have at least one principal depository in each 
country. In addition, there is distribution to 
individual specialists in various fields. 

The editions printed vary according to the 
subject. The largest is the Annual Report of 
the Smithsonian Institution, of which there are 
10,000 copies. The Bulletin of the Bureau of 
American Ethnology has 3,500 copies. The 
editions of the Proceedings and Bulletins of the 
U.S. National Museum vary according to sub- 
ject, from 1,650 for fossil plants and 1,750 for 
marine invertebrates, to 2,400 for papers on 
insects or birds. Certain special series receive 
an edition of 4,000 numbers. 

The usual mailing list for shorter papers, in- 
cluding the libraries already mentioned, allows a 
surplus of 500 to 600 copies which is normally 
sufficient for distribution calls for four to five 
years or more. With popular subjects, such as 
the Life Histories of North American Birds, 
previously mentioned, of which the Museum 
prints an edition of 4,000 copies, the Superin- 
tendent of Documents issues a sales edition, 
varying in number, which is printed and sold 
by him at the moderate cost of press work and 
paper. In its Miscellaneous Collections, the 
Smithsonian Institution also has a sales edition 
in which the individual papers ordinarily are 
priced at about 50 per cent of the actual cost of 
production. The relatively small number of 
copies distributed in this way affords a certain 
measure of return to the publication funds of the 
Institution. 

Under this scheme, since 1848, the Smith- 
sonian has issued a total of approximately 7,500 
papers, which vary from one page to 1,500 pages 
in length, with a total distribution of twelve 
million copies. 

Nearly one hundred years ago, in 1849 to be 
exact, the Smithsonian Institution started an 
International Exchange Service under which 
its own publications were forwarded to foreign 
libraries and to correspondents throughout the 
world. These sendings began with a few hun- 
dred parcels annually, but rapidly increased until 
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by 1880 cost of the exchanges became a heavy 
burden. In 1881 Congress made a small ap- 
propriation for the support of this system, and in 
1886 there was a considerable expansion under 
formal agreements ratified by conventions ar- 
ranged in Brussels covering a number of nations. 
Under this service parcels are assembled at the 
Smithsonian Institution and are shipped in 
bulk by ocean freight to agents in the various 
countries who distribute them. Publications of 
the country concerned, in turn, are gathered and 
are forwarded in bulk freight shipments to the 
Institution in Washington for distribution in the 
United States. In recent years all parcels 
addressed to countries in the New World have 
gone forward under postage direct to the address 
for which they are intended. In 1939, the last 
year of normal operation before the beginning of 
World War Il, there were handled nearly 
715,000 individual parcels. At the beginning 
of 1946, with the close of hostilities, the exchange 
service has been reorganized so that now it is 
back on a normal basis. 

So much for the methods now in operation in 
the Smithsonian. In summary, it is the plan of 
the Institution to publish new knowledge or 
systematic arrangements of old series of facts, 
and to give this material world wide distribution 
so that it may be available for the use of scientists 
everywhere. 

Publication in scientific journals is of para- 
mount importance and the number of journals 
nowadays is almost legion, there being special 
organs for societies of a wide variety of kinds. 
It would appear that the more successful ones 
are those that have a limited sphere, being usu- 
ally those that serve a technical society. Distri- 
bution is primarily to members of the society 
who receive the periodical in part return for their 
dues. In addition, sets are placed in technical 
libraries. There are other journals like the 
Scientific Monthly and the Quarterly Review of 
Biology that also are successful and popular as 
they present many philosophical treatises in 
such a manner that they are of interest across the 
whole field of workers in science. Those that 
endeavor to cover too many sciences may be less 
fortunate, but this does not necessarily hold, 
there being some, such as Science which is, in a 
measure, a weekly scientific news service, that 
has a large distribution to members of one of our 
most successful scientific societies. 

The work of Science Service is of another kind, 
as this is an endowed organization whose func- 
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tion is the summary of current science in several 
forms for presentation to workers in all fields 
through its publication, Science News Letter, and 
to the general public through specially prepared 
short notes and feature articles which go to 
newspapers and other periodicals. Beginning 
originally under the support of its endowment, 
the Service under competent management of its 
editors has proven highly successful so that now 
it is largely self supporting. 

To this point publication methods have been 
discussed that have become standard since the 
invention of the use of type for printing multiple 
copies of manuscripts that earlier were available 
only in the form of replicas laboriously made by 
hand. In our more modern time there have 
been other important developments in publica- 
tion methods that need to be considered. 

Of great importance among these are several 
forms of photographic processes that now are 
widely used with good success in reproducing 
typed manuscripts, usually in small edition but 
sometimes in considerable number. These are 
successful but need still further development 
since now, ordinarily, they utilize thicker papers 
than customarily used in printed books, thus 
taking more shelf space, an important matter in 
our growing libraries. 

Usually, too, the form of binding is not as 
permanent asin printed books though there is no 
reason why the two should not be wholly com- 
parable. Some of the more modern prints of 
this kind made from copies prepared on elec- 
trically operated typewriters compare fully in 
legibility and type with any printed page. 

Another form in the photographic field of 
reproduction is microfilm which has come into 
wide use in a comparatively recent period. One 
of its important uses as a distribution method is 
its utilization in making available material found 
only in manuscript form. Tabular matter pre- 
pared for reference and not printed because of 
the expense of typesetting may be mentioned as 
an especially important item of this kind. There 
is also material in bibliographies, or other similar 
records, arranged on cards, for which normally 
only one copy is available. These include 
linguistic records—vocabularies of unusual or 
little used languages where peculiar type forms 
or diacritical marks are used to represent sounds 
not found in our English language. Publication 
by ordinary printing is so highly expensive that 
sometimes the cost is prohibitive, particularly 
where only a few individuals may be interested. 
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Such material may be copied readily on micro- 
film at small expense, and so made available for 
distribution among students. 

Microfilm, too, has extensive use at present in 
the reproduction in compact form of rare publica- 
tions not otherwise generally available, or in 
copying excerpts from technical journals of small 
edition so that these copies may be sent to 
workers at a distance from large libraries. 

Microfilm now has become so useful that it is 
certain that it will be perfected in its method to a 
point where some of the present drawbacks in 
handling for reading will be eliminated. Un- 
questionably such photographic processes will 
be of great future use in providing compact 
storage in libraries. Librarians have pointed 
out that some large libraries that accumulate 
the increasing number of current publications 
have been doubling in number of books about 
every sixteen years. Obviously, this carinot 
continue long. Photographic processes will be 
of assistance in reducing bulk. 

There are certain other forms of publication 
that are often considered as of a temporary 
nature, such as the various forms of the mime- 
ograph. These are usually in small edition, 


and ordinarily are not intended for permanent 


reference. Often, the mimeograph is used to 
supply extra copies for distribution in corre- 
spondence where publication is not actually 
intended. In other cases, memoranda of a 
temporary nature are reproduced in such form. 
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In some recent discussion of reform in present 
methods of publication, there have been sugges- 
tions for the issuance of papers in separate, or bro- 
chure form for convenience in distribution. Such 
plans have been offered to replace the usual style 
of bound magazines or volumes. One important 
point to be considered in any such plan for pub- 
lication is that any brochure scheme should be 
arranged under a system of numbered volumes, 
parts, and pages; first, to aid in citing references 
so that workers may consult them; and second, 
to assist in the library in placing the items so 
that they may be readily found. 

Another paramount matter of general im- 
portance in modern publication is that of perma- 
nence. We are privileged today in larger li- 
braries to consult various works of the eighteenth, 
seventeenth, and even of the sixteenth century, 
whose pages remain legible and in excellent con- 
dition. What, we may ask, will be the future of 
many of our current publications? Obviously, 
the paper in some is of such a kind that it is 
bound to deteriorate. Care should be used to 
prevent this as far as possible. The Smithsonian 
Institution, at the present time, uses a 50 per cent 
rag paper which seems to be as good as any that 
is now available. Happily, the photographic 
processes already described can now reproduce 
works and so continue them where this becomes 
necessary when the medium on which they are 
carried, in other words, the paper or ink, is not 
permanent. 
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on Problems of International Cooperation in Science) 


INTERNATIONAL cooperation in science must 
needs assume three major responsibilities: (a) 
organization, coordination, encouragement, and 
preservation of knowledge among all nations for 
the maintenance of sound principles; (0) pro- 
motion of scientific endeavor to increase know]l- 
edge looking toward application for human wel- 
fare—not warfare; and (c) diffusion of knowledge 
and education for increased understanding of 
science among all people. 

The eight International Scientific Unions and 
their central organization, the International 
Council of Scientific Unions, have done much 
under these responsibilities since formation in 
1919 following the collapse of, and chaos in, the 
coordination of science by various long-estab- 
lished international associations. Their records 
are outstanding in progress toward mutual 
understanding and resumption among all nations 
of benefits derived from coordinated scholarly 
research to everyday human activities. And 
now, following the second great World War, 
most of them have already set in motion re- 
habilitation of their full activities and fresh 
approaches looking. to greater future scientific 
progress. 

A brief account of the history! of the Inter- 
national Council and its Unions is opportune to 
present-day problems of international coopera- 
tion in science. The establishment in 1919 of 
the International Research Council, renamed 
International Council of Scientific Unions in 
1932, was for the following general purposes as 
stated in the statutes adopted at Brussels in 
1919: to coordinate the national adhering organ- 
izations; to direct international scientific activ- 
ity in subjects which do not fall within the 
province of any existing international associa- 
tion; to enter, through the national adhering 
organizations, into relations with the govern- 
ments of countries adhering to the Council in 
order to promote scientific investigations in 
those countries. 


1 See also Sir Henry Lyons, The Royal Society, 1660-1940, 
316-320, Cambridge Univ. Press, 1944. 


The Council became, in a large sense, the suc- 
cessor of the International Association of Acad- 
emies which, like many other international or- 
ganizations, became largely inoperative because 
of the war of 1914-1918. The neutral countries 
tried to continue such of the Association’s work 
as was then in progress, as they did for other 
international organizations, such as those in 
geodesy and seismology. Scientists in France, 
Great Britian, and the United States began, 
early in 1918, to consider how international 
scientific cooperation might be resumed on a 
permanent world-wide basis to avoid otherwise 
probably uncoordinated and therefore inefficient 
effort by separate scientific groups in Allied, 
Central-power, and neutral countries. Ground- 
work was laid through informal discussions of the 
French Academy of Sciences, the British Royal 
Society, and the American National Academy 
of Sciences as to how earlier international co- 
operative endeavors might be best continued. 
A first conference was held at London in 1918 
by representatives delegated by the academies 
of all the Allied countries. One difficulty that 
had existed in previous associations had been 
the question of votes from countries having 
more academies than another; this was pre- 
judicial in the consideration of agenda and 
procedure for decisions on scientific activities 
and even introduced undesirable political press- 
ure. A second conference was held in Paris 
soon after the one in London and it was decided 
to hold a formal meeting of delegates from the 
academies of the Allied countries in Brussels 
during July 1919. Meanwhile a committee was 
appointed to prepare draft statutes in the con- 
stitution of the proposed new organization. 

This formal conference was the first General 
Assembly of the International Research Council 
as it was named. Statutes were adopted after 
careful revision of the original draft and pro- 
vision made that they be reconsidered if found 
desirable after a twelve-year period, that is, in 
1931. Four International Unions were formed 
and their separate statutes, following generally 
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those of the Council as to defined purposes and 
activities, were adopted for astronomy, chemis- 
try, geodesy “and geophysics, and mathematics. 
Four other Unions for the biological sciences, 
geography, physics, and scientific radio were also 
proposed but adoption of their statutes was post- 
poned until the Second General Assembly at 
Brussels in the summer of 1922 at which As- 
sembly they too were inaugurated. To insure 
freedom of operation the Council and each of the 
Unions were made autonomous 

The arrangements were and have since con- 
tinued that any country might become a mem- 
ber of the Council and/or one or more of its 
Unions through payment of annual units of sub- 
scription. The number of units, from one to 
eight, paid by any adhering country was made 
dependent upon its population and it was the 
duty of the delegates of each nation to obtain 
acceptance by their government, academy, or 
other institution which was to be responsible for 
the regular payment of subscriptions to the 
Council or to a Union. This system worked 
fairly satisfactorily, although the relation be- 
tween actual population and number oi scientific 
men has become an important factor in adher- 
ence of certain countries. This difficulty is in 


the course of correction through action taken at 
the General Assembly—attended by over sev- 
enty representatives of twenty-one nations—at 
London in July 1946, for modification such that 
each adhering country may be free to name what 
it regards as an appropriate number of units of 


subscription per year. The statutes also pro- 
vide that General Assemblies be held by the 
Unions and the Council every three or four 
years. Such assemblies and many intermediate 
so-called Special or Extraordinary Assemblies 
have been held by the Council and it various 
Unions. These have been held so far upon in- 
vitations of the governments or responsible 
organizations of the adhering countries at cities 
in Europe and in America; there is good reason 
that this wide range of meeting places may be 
extended to other world centers of scientific 
endeavor now that rapid means of travel and 
communication are available. It is also re- 
quired that each adhering country maintain, 
through its Academy, Research Council, or 
Government, a national committee to keep in 
touch with the Bureaus of the International 
Council and its Unions to advise its appointed 
body of what was being done or in contemplation. 

In 1922 the neutral countries were invited to 
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adhere and accepted. As might be expected in 
the aftermath of war, a like invitation to the 
Central Powers was delayed and it was not until 
1926 at a Special General Assembly that final 
action was taken to extend such invitation. It 
was not long then until there resulted the ad- 
herence by 1938 of the majority (forty-two) of 
all nations. 

The Unions which have operated most con- 
tinuously and effectively are those of Astronomy 
from 1919, Chemistry from 1919, Geodesy and 
Geophysics from 1919, Scientific Radio from 
1922, and the Biological Sciences from 1922. 
The Union of Geography has done good work 
but has been less active during the war. The 
Union of Mathematics yielded excellent results 
from 1919 to 1932, when at the Zurich Assembly 
it was discontinued because mathematicians 
felt their subject does not require such intimate 
cooperation as projects in astronomy, geodesy 
and geophysics, and in the other Unions and 
could be better handled in occasional congresses 
without the aid of permanent international 
organizations. The Union of Pure and Applied 
Physics, founded in 1922, appears to have been 
less active. It seems to need for success an 
enthusiastic group of young physicists in its 
approaches to growing world-wide problems, 
for example, cosmic radiation, nuclear physics. 
Only recently, at the meeting of the Executive 
Committee of the International Council in 
London during December 1945, Professor Black- 
ett emphasized that the time was ripe for inter- 
national coordination by that Union. 

The activities of the Council and its Union 
are so manifold that numerous international 
commissions and associations have been found 
necessary to cover scientific aspects intimately 
related to some or all of them. Mention of only 
a few of these commissions and associations will 
illustrate the broad scope of specialized subjects: 
Science and Its Social Relations; Social Value of 
the Earth Sciences; Continental and Oceanic 
Structure; Solar and Terrestrial Relationships; 
Annual Tables of Physical Constants; Revision 
of Biological Chemistry; Variations of Latitude; 
Bureau of Time; Isostatic Reduction Office; 
Interaction between the Sea and the Atmos- 
phere; Statistical Methods; Tidal Waves; Sea 
Level and Variation; Snow and Glaciers; Sub- 
terranean Waters; and many others all made up 
of truly interested groups of working, enthusi- 
astic, and competent men. Because of the 
large fields of action of some of the Unions there 
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are subdivisions of associations or Sections. 
For example, the Biological Sciences has Sections 
of Botany and of Zoology; Geodesy and Geo- 
physics has seven autonomous Associations in 
Geodesy, Seismology, Meteorology, Terrestrial 
Magnetism and Electricity, Physical Ocean- 
ography, Volcanology, and Scientific Hydrology. 

The publications in proceedings, regular series 
of bulletins, and transactions of the Council and 
its Unions have afforded ever-increasing evidence 
of what has been and may be done in promoting 
coordination of scientific research and contacts 
so necessary for interchange of techniques of 
benefit to all and to the acceleration of collabora- 
tion on fundamental investigations; no small 
contribution has been the stimulation and re- 
sulting growth of national organizations in 
many countries, for example, the American Geo- 
physical Union, the French Geophysical Union, 
the American Institute of Radio Engineers, and 
others—all responsible for much scientific work 
and publication. 

The problems now faced are, as always, the 
fundamental ones set by the original charters for 
scientific and technical progress but with the 
overburden brought on by recent idealogical 
propaganda and wishful thinking of the war and 
postwar periods. 

Chief of these problems is the treatment of the 
“conquest of wartime disease and the healing of 
war wounds.”’ Already the International Coun- 
cil in its General Assembly, attended by repre- 
sentatives of twenty-one nations, at London 
during July 1946, speaking for itself and its 
several Unions, has adopted a resolution the 
concluding section of which epitomizes the co- 
operation and support required as follows: 


The International Council of Scientific Unions, 
in the name of the men of science of the nations 
represented, acknowledges the duty on the part of 
scientific workers (a) to maintain a spirit of frank- 
ness, honesty, integrity, and cooperation, (b) to 
promote the development of science in the way most 
beneficial to mankind and to exert this influence as 
far as possible to prevent its misuses, and (c) to 
serve the community not only by their specialized 
work but by assisting as far as they are able in the 
education of their public in the purposes and achieve- 
ments of science. 


The attendant problems are many and all in- 
volve selfless effort and tolerance. A few may 
be mentioned as follows: 


(1) How to effect the best means of coopera- 


tion with the United Nations Educational, 
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Scientific, and Cultural Organization to insure 
utmost use of all scientific bodies and associations 
doing valuable work of an interested scientific 
character, to insure control of activities to 
scientific men, and to preserve the independence 
of such bodies. 

(2) How modern science may be further 
applied to the development of natural resources 
to such extent that future generations may not 
be deprived of essentials because of quantitative 
misuse and of almost total disregard of conserva- 
tion—the latter so common in the profligacy of 
the profit age and also of young countries. 

(3) How appreciation may be enhanced of the 
social values of the natural sciences from points 
of view not only of one nation but also of rela- 
tions between nations. 

(4) How in international relations the fact 
may be resolved that the common denominator 
is not the world as a whole but only relatively 
small numbers of nations who, either through 
trade or the abundance of resources, are ad- 
vanced to preferred positions. 

(5) How world-wide interchange of scholars 
and students for personal contacts may be en- 
couraged and effected, and thereby new ideas 
and fresh approaches spread. 

(6) How those countries until now not ad- 
hering in international scientific cooperation 
may be enlisted to take part with the other 
nations. 

(7) How that needed stimulus of interest and 
broader association with others now so fre- 
quently restricted within the narrow limits of 
the scientists’ immediate associates may be 
advanced. 

(8) How amateur activities in science may be 
enlisted to the advantage of the professional 
fields—already so admirably illustrated in as- 
tronomy and radio telegraphy. 

(9) How and when there should be promoted 
new commissions where greater specialization is 
required by reason of world-wide applications, 
for example, in the ionosphere, in chemico-physi- 
cal contacts, in vicosity, in the social sciences, 
and in other borderline domains between those 
of two or more Unions. 

(10) How, in view of the increasing growth of 
scientific research under governmental control, 
the repression in freedom of action by administra- 
tive officials may be ameliorated, which, com- 
bined with the individual’s inability to finance 
his work, results in great loss of the social value 
of scientific knowledge. 
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(11) How one of the most important and 
pressing postwar duties of international organ- 
izations to prepare new up-to-date directories of 
research institutions and research workers which 
are the basic tools of international relations work 
to facilitate prompt distribution of reprints, 
reports, and new ideas may be met. 

(12) How governments may be encouraged 
to assume responsibility nationally for factual 
surveys and internationally for surveys, both 
surface and aerial, of the major portion of the 
earth covered by the oceans—all needed for 
scientific investigations and economic applica- 
tions. 

(13) How, finally, we may advance the under- 
standing of scientific fundamental truths and 
laws for the problems of the ordinary citizen and 
his anxieties. 


Of course many of these problems and of others 
overlap. Some are well expressed in the com- 
prehensive report? by W. B. Cannon and R. M. 
Field on “International Relations of Science, a 
review of their aims and methods in the past and 
in the future’ published in 1945. This report 
was prepared for the Division of Foreign Rela- 
tions of the National Academy of Sciences. The 
following excerpt bears on the question of rela- 
tions between the International Council of 
Scientific Unions and its various Unions with 
scientific Congresses: 


Certain fields are represented by Congresses and 
others by Unions. . There has been no particular 
liaison between these international organizations 
either as to agenda or meetings. The scientific 
Congresses do not function between meetings and, 
at times, are more subject to political opportunism. 

On the other hand the mechanism of the 
International Council of Scientific Unions and of the 
Unions include Bureaus which are expected to 
function continuously between meetings, and the 
Unions are financed by all countries which adhere 
to one or more of them. . . . The primary function 
of the International Council of Scientific Unions is 
the coordination of all sciences particularly for the 
promotion of international friendship through com- 
petitive but sympathetic competition. 


Happily the position of science in the United 
Nations is that of one of the three branches of the 


United Nations Educational, Scientific, and 
Cultural Organization (UNESCO), the final 
realization of which will probably come at the 
Inaugural Meeting of the Permanent Organiza- 


2 Chronica Botanica 9 (4): 255-298, 1945. 
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tion of UNESCO at Paris in November 1946. 
Already the International Council has acted 
favorably in July 1946 on a mutual draft agree- 
ment for consideration and adoption at Paris 
with a committee of UNESCO, the first two 
sections of which read: 


1. UNESCO recognizes the International Scien- 
tific Unions as providing an appropriate form for 
the international organization of science, and the 
International Council of Scientific Unions as their 
coordinating and representative body. 

2. The International Council of Scientific Unions 
(ICSU) recognizes UNESCO as the _ principal 
agency of the United Nations in the field of interna- 
tional scientific relations. 


The other eight sections of the agreement re- 
late to details bearing on the following consulta- 
tive relations for the promotion and development 
of international science; liaison between the two 
organizations; arrangement for collection of sub- 
scriptions and disbursements to the Council and 
Unions; steps to facilitate movements across 
frontiers for scientific persons delegated to con- 
ferences or symposia and for grants of expenses 
of travel of official delegates and, on application 
of the Unions for special grants to permit re- 
search workers—particularly the younger ones— 
to attend meetings; establishment and support 
for international undertakings of a substantial 
nature; financing of specific commission or joint 
commissions of the Unions; provision of funds to 
the various Unions to open up new approved 
projects; and statement that the agreement is for 
an unlimited period subject to the right of ter- 
mination at one year’s notice on either side. 

As will be readily seen the way is paved for 
science to build on the past successes and future 
potentialities of the Council and its Unions. 

In summary the opportunity—indeed the 
necessity—to build further and enlarge the inter- 
national cooperation, so effectively attained in 
the operations of the Council and its Unions, is 
well put in the following excerpts from the 
address * of Professor A. V. Hill, when Foreign 
Secretary of the Royal Society, to the meeting of 
the Executive Committee of the Council at 
London in December 1945: 


The course of world events has made it even clearer 
than it ever was before, not only that science in its 
own interest must remain an international concern, 
but that the very future of civilization itself de- 


3 See Nature 157: 96, 1946; also Terr. Mag. 51: 32, 1946. 
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pends upon the close cooperation of scientific men 
throughout the world. . . . We have now reached 
the time when a common standard of ethical be- 
havior is just as important in science as in medicine. 
This does not mean that scientists as such are called 
upon to spend their time and effort on social, eco- 
nomic, and political affairs any more than medical 
ethics demands that sacrifice of their special skill 
and knowledge by medical people. It does, how- 
ever, mean that in standards of truthfulness and 
integrity, in readiness to cooperate with other 
scientists of good will everywhere, and in refusal to 
use the common knowledge, prestige, and power of 
science for base, harmful, and selfish ends, scientists 
should feel bound by an honorable and unbeatable 
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obligation—as a duty to themselves, as a duty to 
their fellow scientists, as a duty to their fellow men. 


Or again in the somewhat terser statement ‘ 
of T. B. Appelget of the Rockefeller Foundation : 


If there be any nucleus of international good will 
and understanding left in the world, it resides, | 
think, in scientific personnel. They will be the 
first to mend the broken wires of communication, 
and I hope this time all the world will realize, 
whether we like it or not, we have to live together on 
a globe which science has made too small for war. 


4 Ina letter of July 11, 1944, reported by W. B. Cannon 
and R. M. Field in the Report on international relations 
in science, previously cited, p. 258. 





INTERNATIONAL SCIENTIFIC CONGRESSES 


JEROME C. HUNSAKER 


Head, Department of Mechanical Engineering, Massachusetts Institute of Technology 


(Read October 22, 1946, in Philadelphia in the Symposium of the National Academy of Sciences 
on Problems of International Cooperation in Science) 


AN International Scientific, Congress is es- 
sentially a voluntary association of people from 
several countries, composed of individuals inter- 
ested in a particular field of science or technology. 
The start depends on the initiative of a group of 
recognized leaders in the field who feel a need for 
an exchange of views across national boundaries. 
The holding of further meetings depends on the 
success of the first Congress as measured by the 
satisfaction felt by those who attended. If they 
have had an opportunity to present their own 
work for critical discussion by those whose opin- 
ion is valued, if there is opportunity to meet men 
from other countries who were known only from 
publications, and if helpful contacts and personal 
correspondence are established between workers 
on the same basic problem, the Congress is 
pretty sure to be repeated. 

From the voluntary nature of such a Congress, 
two things of great value stand out: (1) no Con- 
gress is started unless there is a real need for it, 


and (2) no Congress continues to meet unless 
those who attend are satisfied. 

From this it follows, that there is no question 
of government control, propaganda, national 
prestige, or perfunctory representation by offici- 


als. Also, no free Congress is perpetuated 
beyond the period of active interest in its field 
of discussion. 

The free Congress is an association of inter- 
ested individuals. They are not representatives 
of states or academic or commercial organiza- 
tions. Therefore, questions of qualifications for 
admission do not arise. Anyone is a member of 
a Congress who takes the trouble to attend and 
pays the registration fee for its support. 

These advantages of freedom are balanced by 
corresponding disadvantages. The paramount 
one, as might be expected, is lack of money. The 
Congress as such has no funds, no housing, no 
permanent secretariat, and no publication facili- 
ties. Its place of meeting usually depends on 
an invitation from a university or academy which 
can offer housing. Its secretariat depends on 
voluntary services, and publication has to be 
arranged through some sponsor. Usually only 


the out-of-pocket expenses for organizing the 
meetings are covered by the registration fees. 


The expense involved in hospitality to visitors 


is met by special gifts which have to be solicited 
for the occasion. 

Perhaps the best way to judge how a successful 
Congress develops is to examine a case history. 
I choose the International Congress for Applied 
Mechanics which was preceded by an informal 
meeting in Switzerland in 1922 and has just held 
its sixth meetingin Paris. Founded after the First 
World War, it has survived the Second, and 
promises to po on as a valuable medium of inter- 
national collaboration in a basic field of applied 
science. 

The great development of applied mechanics 
in the first part of this century, especially in its 
embodiment in machines, structures, ships, 
automobiles, and aeroplanes, had come about 
through a fruitful combination of theoretical 
analysis and experimental research. This had 
stimulated contacts between workers in this 
field. No special international organization 
existed although national organizations had 
sprung up in some countries. 

Such personal contacts as had developed were 
largely destroyed by the First World War. This 
war, like its second counterpart, had stimulated 
intensive progress and at the same time had 
interrupted publication and other means of ex- 
change of ideas. 

An informal meeting was held at Innsbruck in 
September 1922 to discuss progress in aerody- 
namics, initiated by Levi-Civita of Italy, Oseen 
of Sweden, Prandtl and von Karman of Ger- 
many, for the purpose of bridging the gulf be- 
tween the scientists of countries at war four 
years before. 

Here the idea was born of calling together an 
International Congress, not for aerodynamics, 
but embracing the whole domain of applied 
mechanics.- It was considered that Delft in 
Holland, the seat of the Dutch Technical Uni- 
versity, would be the best neutral ground for the 
meeting place. 

The four Dutch scientists who agreed to con- 
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stitute themselves an Executive Committee for 
the Congress secured the support of their Uni- 
versity and invited the adherence of selected 
individuals in ten countries, including Russia 
and the United States. All accepted except the 
French. 

The Congress was held at Delft in 1924 and 
proved to be a great success. At this Congress 
it was agreed to establish a permanent institution, 
the International Congress for Applied Me- 
chanics, to meet every fourth year, and to be 
managed by an International Congress Com- 
mittee of twenty-two men. The International 
Committee was to be self perpetuating. The 
organization of each meeting was to be handled 
by an Executive Committee of citizens of the 
country where the meeting would take place. 

The International Committee was well chosen 
because it succeeded in holding very successful 
Congresses at Zurich in 1926, at Stockholm in 
1930, and at Cambridge University in 1934. 
Then came a severe test of its vitality with the 
decision to hold the Fifth Congress in Cam- 
bridge, Massachusetts, in 1938. Would our 


European colleagues be able or willing to come . 


so far? 

It was arranged by the American members of 
the International Congress Committee to hold 
the principal technical sessions at Cambridge 
with Harvard and the Massachusetts Institute 
of Technology joint hosts, to have supplemen- 
tary programs at New York under the auspices 
of Columbia, the American Society of Mechani- 
cal Engineers, and the Institute of the Aero- 
nautical Sciences, and at Washington under the 
auspices of the National Bureau of Standards 
and the National Advisory Committee for Aero- 
nautics. 

Furthermore, Congress members from over- 
seas were offered a tour of industrial laboratories 
_ at Pittsburgh, Schenectady, and Detroit, where 
local Committees took charge of them. 

The budget for this Congress was made up of 
a fee of $5.00 paid by each of 411 persons reg- 
istering and by a grant of $4,000 by Harvard and 
the Massachusetts Institute of Technology, 
which institutions also underwrote the publica- 
tion and sale of the proceedings. This under- 
writing, however, eventually cost nothing. 
Expenses outside of Cambridge were borne 
locally. 

The only formal government participation 
was the action of our Department of State in 
bringing the Congress to the attention of foreign 
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governments, and transmitting to them the de- 
sire of the Committee for a good international 
representation of workers in applied mechanics. 
There is reason to believe that the response to 
this action was helpful to many members from 
abroad. 

In particular large delegations came from 
France, England, and Germany. 

At the Cambridge Congress invitations to 
hold the next Congress in 1942 were received 
from the Universities of Istambul, Géttingen, 
and Paris. 

The Paris invitation was accepted but at the 
time grave doubts were held as to whether it 
could be held in 1942 or ever. It was not held in 
1942, but with the liberation of France efforts to 
reestablish intellectual collaboration were im- 
mediately initiated. Our French colleagues 
would have held the Congress in 1945 if transpor- 
tation, food and housing conditions would permit. 

Accordingly, the Sixth Congress was organized 
for September 1946 and has now been success- 
fully completed under the auspices of the French 
Academy of Sciences, the Ministry of Cultural 
Relations, the National Center of Research, the 
Science Faculty of the Sorbonne, the French 
Society of Mechanical Engineers, and the As- 
sociation for Marine and Aeronautical Engi- 
neering. 

It was attended by more than 400 members of 
which some 200 came from outside France, in- 
cluding about 30 from the United States. 
About 150 papers were read by their authors. 

The International Committee held two meet- 
ings during the Congress for the purpose of add- 
ing new members to itself and of settling the 
time and location of the next, the seventh Con- 
gress. It considered a proposal to change the 
“Congress” into a “Union’’ and to have this 
Union seek membership in the group of such 
Unions now forming within the framework of 
the United Nations Organization. Objections 
appeared to the proposal as presented based on 
fear of over-organization and of inviting spon- 
sorship and control by national governments or 
other large official bodies which conceivably 
might not always be desirable. 

The International Committee agreed to change 
the name from Congress to Union but with 
stipulations to safeguard its independence. | 
summarize the action taken: 


The “International Congress for Applied 


Mechanics” will henceforth call itself the 
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“Union for Theoretical and Applied Me- 
chanics,” governed by a Council. 

The Council consists of the existing mem- 
bers of the (hitherto) International Committee 
of the Congress. 

New members to the Council will be elec- 
ted from time to time by the Council 
itself, and consequently no new member can 
be appointed to the Council by any outside 
agency, governmental or otherwise. 

It is the business of the Union to hold 
periodic International Congresses and to take 
such other action in the interest of Mechanics 
as the Council may direct from time to time. 

In order to obtain continuity between Con- 
gresses an honorary Secretary of the Council 
is appointed, who will act as a center for re- 
ceiving and forwarding correspondence and 
conduct polls on proposals (by correspond- 
ence). 

No proposal shall be adopted if less than 
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two-thirds of the Council members have reg- 
istered their vote and then the majority of 
cast votes shall decide. 


The newly established ‘‘Council of the Union 
for Theoretical and Applied Mechanics” then 
proceeded to act under its rules by electing to 
itself a number of new members, mostly to take 
the place of members that had retired or died 
during the eight-year interval. 

For the Seventh Congress in 1950 an invitation 
was received from the University of London, but 
the Council postponed a decision for two years 
when a vote would be taken through the office 
of the honorary Secretary, Professor J. M. 
Burgers of Delft. 

In effect the Committee interested in holding 
Congresses every four years has made itself into 
the Council of a Union interested in holding 
Congresses every four years. The principal new 
thing added is a permanent secretary to act for 
them in the interval between Congress meetings. 





THE INTERCHANGE OF MEN OF SCIENCE 


ROBERT A. MILLIKAN 


Chairman of Executive Council Emeritus, California Institute of Technology 


(Read October 23, 1946, in Washington in the Symposium of the National Academy of Sciences 
on Problems of International Cooperation in Science) 


| HAVE been asked to present very briefly the 
results of my thinking and experience on the 
exchange of scientists between different coun- 
tries as a means of promoting international 
peace. The best excuse I can make for presum- 
ing to accept such an invitation is found in the 
fact that from 1922 to 1930 I was the American 
representative on the Committee on Interna- 
tional Cooperation of the League of Nations, 
which was organized in 1922 with essentially the 
same objectives as the United National Educa- 
tional, Scientific and Cultural Organization 
(UNESCO) today. 

The members of that committee whose term 
of service coincided, or at least overlapped, my 
own included Henri Bergson, who at first acted 
as President; M. Painlevé, former premier of 
France; Mme. Curie; Gilbert Murray; H. A. 
Lorentz; Albert Einstein; Mlle. Boneville of 
Norway; Under Secretary of the League, 


Nitobe of Japan; Professors Bose of Calcutta 
and Halecki of Poland, and representatives from 


Belgium, Switzerland, Italy, Spain, Brazil, 
Argentina, and one or two other countries— 
some eighteen persons all told. 

This Committee was not supposed to concern 
itself with the immediate objectives of the 
League, namely, with actual steps leading to- 
ward the elimination of international war and 
the suppression of its more obvious causes. 
These were the responsibility of the Council and 
of other sections of the League on which sat more 
men of large political experience, but rather, as 
the name of the section implies, with the dis- 
covery and promotion of long-range educational 
understandings generally. 

Perhaps it will be profitable to review a few of 
the main questions which came before this Com- 
mittee for its discussion and recommendations 
during the years in which I sat with it, for wisdom 
never forgets the lessons of the past and some of 
these questions will come up again in the days 
ahead, one of them being the subject of today’s 
discussion. I list but five of these problems, as 
follows: 


1. AN INTERNATIONAL LANGUAGE 


We were insistently urged officially to endorse 
the use of one of the new artificial languages like 
Esperanto or Volapiik. This was a subject in 
which our Japanese under-secretary was in- 
tensely interested. It was listed a year in ad- 
vance as one of the chief subjects of discussion 
for one of the Geneva summer meetings of the 
committee. 

When the vote was finally taken, much to 
Nitobe’s disappointment his was the only favor- 
able one received. The lack of a literature in 
such a language, its inadaptability to express 
shades of meaning, the exaggerated claims of its 
advocates as to the greater rapidity with which a 
superficial grasp can be acquired, the extreme 
superficiality of that grasp when acquired, the 
necessity in any case confronted by every person 
who wishes to succeed in international inter- 
course of acquiring at least one of the widely used 
European languages in addition to his native 
tongue, the bitter feuds between the three 
contending artificial languages, Ido, Volapiik, 
and Esperanto—all these situations convinced at 
least the great majority of this particular group 
that a new artificial language was not a particu- 
larly effective help toward world international 
understanding and world peace. 


2. AN INTERNATIONAL UNIVERSITY 


A second question brought before the Com- 
mittee was that of the wisdom or unwisdom of 
trying to establish a_ so-called International 
University. Expensive, grandiose, and extra- 
ordinarily detailed plans, even elaborate archi- 
tectural drawings, for such a huge establishment 
were presented for our consideration. 

The discussion of this proposal was a very 
delicate and a very bothersome one; for some of 
us felt that the motives behind such proposals 
were at bottom nationalistic—just what we had 
come to Geneva to avoid—rather than interna- 
tionalistic. But wholly without reference to 
motives we ‘argued that in order that an inter- 
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national atmosphere may be developed through- 
out the world and get into the life of all nations 
it would be disastrous to set aside one particular 
institution anywhere as an international uni- 
versity rather than to bend all available energies 
and resources toward creating the international 
atmosphere in all universities the world over. 
Only an infinitesimal number of people could 
possibly come to and be influenced by a physi- 
cally localized institution, and that relatively in- 
significant number would tend to be composed 
of those already internationally minded anyway, 
whereas the world’s need lay in the spread of an 
international atmosphere from thousands of uni- 
versity centers widely scattered over the earth. 
To the practically-minded realists on the com- 
mittee the scheme lacked workability. They 
argued that a like amount of money and effort 
spent in trying to instill international ideals into 
existing institutions promised hundreds of times 
larger returns. 

But this question and the next began to bring 
to light the great difficulties encountered in get- 
ting effective and prompt action of any kind 
through a group of men of such different back- 
ground, experience, ideals, and training as any 
assembly of delegates gathered from all corners 
of the earth represents. Herein lies the basic 
weakness of world government proposals as 
usually advanced today. Let me hasten to add, 
however, that in my judgment the Baruch report 
provides in principle the one and only solution 
of the atomic bomb problem, as | think will be 
evident to anyone who looks at the problem con- 
structively instead of obstructively. What 
makes it workable is the limiting of the world 
authority and control to the single concrete 
problem at hand. This is the scientific method 
of approach, all undesignated powers being left 
for the present in the hands of the cooperating 
states and communities, thus maintaining the 
principle of the retention of as much power as 
possible in the hands of the local communities 
wherein, as the greatest thinkers of history have 
repeatedly warned, lies the only hope of the 
saving of human freedom and the elimination of 
the curse of the dictator. For, according to these 
greatest of world philosophers and political states- 
men—Spinoza, Montesquieu, and the founding 
fathers—the key to social progress lies, not in 
the concentration but in the widest feasible 
diffusion of governmental responsibility and 
power 

In the end, then, these views prevailed and the 
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international university proposal lost out. - But 
in the interest of the spirit of cooperation some 
compromises of principle were made with respect 
to somewhat kindred proposals and these actu- 
ally resulted, I think, in impairing the later 
usefulness of the committee. 


3. “INTELLECTUAL PROPERTY” 


The Italian delegate on the Committee, a 
prominent member of the Italian senate, took 
as his special contribution to the work of the 
Committee on Intellectual Cooperation the 
betterment of the financial position, the world 
over, of the intellectual worker through the 
extension throughout the nations of the patent 
and copyright laws to cover discoveries and other 
intellectual contributions, as well as the work of 
useful inventors, writers, and artists already 
protected. While the majority of the members 
of the Committee had no interest in these pro- 
posals, in view of the requirements of courtesy, 
and to further the real desire of internationally 
minded men to give every one every possible 
chance to make a case for his project, the Com- 
mittee set up a standing sub-committee on 


‘Intellectual Property’? and kept it in existence 
for a number of years, though it accomplished 


nothing. 


4. THE OBJECTIVE TEACHING OF HISTORY 


The Committee set up a sub-committee to 
explore the possibility of getting into the schools 
the world over text books written from a more 
objective and a less nationalistic point of view 
than was customary in the highly nationalistic 
early decades of the twentieth century. This 
Committee brought in rather discouraging re- 
ports as to the very great difficulties of its as- 
signment. It is unquestionably an effort the 
importance of which can scarcely be overesti- 
mated, and which must be continued and ex- 
panded in the future, but it is probable that the 
indirect, long-range attack upon it, like that 
presented under the next heading, will be the 
most fruitful one. 


5. THE INTERNATIONAL EXCHANGE OF 

TEACHERS AND RESEARCH WORKERS 
The one proposal growing out of our discussion 
of the decade of the twenties that seemed to me 
at the time to be most constructive was that of 
the better promotion and extension of the inter- 
national exchange of teachers and_ research 
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workers. Because of my advocacy of it | was 
given by the Committee the job of trying to get 
it organized and financed. One element in that 
promotion was the organizing of the United 
States branch of the Committee on Intellectual 
Cooperation now headed by my successor on the 
Geneva Committee, Dr. Shotwell. In this 
enterprise | had the active and exceedingly 
effective backing of Elihu Root, who joined the 
American Committee and attended its early 
sessions. He was the wisest, most consistent, 
and most constructive American internationalist 
whose brain and influence, had it only been 
possible to use them in the decade from 1918 to 
1928, might have made the United States a part 
of the League of Nations with the possible, 
perhaps we may say the probable, result of pre- 
venting World War II. 

So far as getting the proposed international 
interchange of teachers and research workers 
actually going is concerned, we failed in that 
enterprise for two reasons. We did not get the 
needed financial support, which the League’s 
officers expected to come from America. This 
failure was partly because the great depression, 
starting in ’29 and reaching the bottom in °32, 
made certain sources of funds unavailable which 
had earlier been most promising. But in addi- 
tion to that our Committée, like the whole 
League set-up, had not yet fully demonstrated 
its capacity to get results. with projects and 
funds assigned to it—a very common and fatal 
weakness in many an international undertaking. 

True, it was not the Committee’s fault that the 
United States had sabotaged the whole League 
conception at its inception by refusing to join, 
but its well-wishers, like myself, hoped through- 
out the twenties that this country would come to 
its senses and repair that terrible mistake. But 
when in '31 the League failed, along with our- 
selves and Britain, to do anything effectively 
and directly to halt Japanese aggression in 
Manchuria, justly or unjustly the League’s 
stock went down and with it the stock of our 
Committee. It had not recovered when in Octo- 
ber ’35 Mussolini struck it another blow by get- 
ting away with his attack on Ethiopia, and five 
months later on March 7 '36 Hitler knocked it 
cold by reentering the Rhineland without oppo- 
sition from anybody. 

It was then primarily, some would say solely, 
because we did not succeed in 1919 and 1920 in 
setting up a system of collective security by 
which we opposed our united strength against an 
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aggressor-like Hitler at the start when he set out 
on his career of world conquest that World War 
11 came and brought untold injury and suffering 
to practically all the nations on earth. But 
now, with that terrible experience behind us, we 
have our second chance to make such a system 
work, and so far as I can see there is no other 
possible alternative, and this time, thank God, 
the people of the United States know from bitter 
experience that they cannot depend on their 
“splendid isolation’’ or upon their pacifism, or 
upon their educational efforts alone for their 
security, but must join their strength to that of 
all other peace-loving nations to oppose with all 
their collective might any aggressor wherever 
he may appear, whether in Europe, in Asia, or 
America. If World War II has taught the lesson 
that no aggressor can succeed against the com- 
bined strength of the peace-loving nations of the 
earth, it will have been a lesson worth the terri- 
ble cost of World War II. 

But constructive and absolutely essential as is 
that collective security mode of approach to 
international peace, as first attempted by the 
League and now with a vastly better start by the 
Security Council and the United Nations organ- 
izations, we are here today to consider the second 
kind of effort which can contribute, and vitally, 
too, to the abolition of war, namely, the sys- 
tematic promotion, with all modern scientific 
techniques of international acquaintanceship 
and the elimination so far as possible, through 
the modern amazing development of communi- 
cations, of the suspicions which are so often 
based upon ignorance and misunderstanding. 

Great numbers of articles are now appearing 
stressing the value of greater cultural exchange 
among nations than has ever existed heretofore 
and calling for a vastly expanded program of 
exchange of scientific personnel. Assistant Sec- 
retary of State Benton has suggested that ‘““The 
interchange of scholars can be increased until it 
reaches 50,000 annually.’”” And under the pro- 
visions of the Fulbright bill, which was passed by 
the last Congress, the exchange of students will 
also be encouraged and very large appropria- 
tions asked to support it. While in my judg- 
ment, and in that, too, of the greatest thinkers 
of the past, there are sounder ways of meeting 
the cost than by direct federal subsidies to 
education (for up to now, in the great American 
tradition, education has been the responsibility 
of the forty-eight states and the local communi- 
ties, not thus far, thank God, that of the central 
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government), yet the result aimed at of stimulat- 
ing in some way an increase in the exchange of 
teachers and research workers is unquestionably 
a movement of very great importance in the sup- 
pression of the long range causes of war and the 
promotion of international understanding and 
good will. Thus, the warlike motives of any 
country which refused to cooperate in such ex- 
changes would be at once suspected, as they 
should be, and adequate defensive measures at 
once initiated the world over to meet them. 
This international flow of teachers and scienti- 
fic personnel is, then, a matter of very funda- 
mental importance. With suitable arrange- 
ments, too, the exchanges could be made without 
involving any additional costs save those of 
transportation, and | suggest that even these 
could be handled through the use of the fleets 
and military transports of the nations con- 
cerned, for as long as bandit nations exist such 
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ships will have to be maintained in very con- 
siderable numbers and kept in condition, too, if 
only for world policing purposes and for checking 
war-inducing movements at their inception, and 
these voyages on which exchange scholars would 
be transported could be used at the same time 
as training voyages for the crews of seamen. 

| am convinced that results of great import- 
ance in the maintenance of peace could come 
from such activity. Certainly all possible steps 
that can be taken this time to develop a world 
opinion which will add any element of strength 
to this our second great effort to make the prin- 
ciple of collective security effective in the 
elimination of international war must be taken. 
It is the greatest opportunity which mankind 
has ever yet faced. We failed once. We must 


not fail a second time, and the fact that the 
United States is now a part of the effort, as it 
was not before, makes the future bright with hope. 





THE UNITED NATIONS EDUCATIONAL, SCIENTIFIC 
AND CULTURAL ORGANIZATION 


W. ALBERT NOYES, JR. 
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(Read October 23, 1946, in Washington in the Symposium of the National Academy of Sciences 
on Problems of International Cooperation in Science) 


THIS meeting of the National Academy of 
Sciences provides a very opportune occasion for 
discussing international cooperation in science 
since many visiting scientists from other coun- 
tries are present. Since 1939 international con- 
tacts in science have been confined largely to 
military matters. Some beginnings have been 
made in the resuscitation of that exchange of 
ideas which is so essential to real progress, but 
these beginnings are very modest. 

The list of international scientific organiza- 
tions prior to the war was formidably long. 
Some organization could be found for every 
objective, but most of such organizations were 
ineffective, either because their ranges of interest 
were small or because they lacked adequate 
financial support. Few of thém had adequate 
secretariats staffed with full time employees. 
It is worth while, of course, to have international 


congresses and unions to provide media for agree- 
ment on symbols, units of weights and measures, 
and values of some of the fundamental constants 


of nature. However, the problems of interna- 
tional cooperation are much broader and deeper 
than these, which might be said to form the day 
to day basis for scientific work. A broad vision 
of intensification of scientific activity throughout 
the world must be before us. Education and 
science must go hand in hand but neither can be 
effective without the other. 

The history of international scientific organ- 
izations during the twenty years between the 
two wars is not one of uniform success. The 
various international scientific unions together 
with their coordinating body, the International 
Council of Scientific Unions, were fostered ori- 
ginally by the International Research Council. 
Support was obtained in a variety of ways from 
the various nations. Probably no one of these 
unions had adequate funds to carry on an in- 
tensive international program. In some _ in- 
stances governments made appropriations. In 
others, no governmental mechanism existed for 
allocating funds to international bodies of this 


character, and reliance had to be placed on sub- 
scriptions either from individuals or from various 
scientific and technical societies. Particularly 
after the depression started, some of these inter- 
national bodies led very precarious existences. 

The role of the United States in these inter- 
national organizations is, on the whole, not a 
matter for pride. Many individuals supported 
the unions wholeheartedly, attended the meet- 
ings even at considerable personal financial 
sacrifice, and gave unselfishly of time and 
energy. The channel through which most of 
these relationships flowed was the National 
Research Council, an agency which does not 
receive governmental support and which must 
rely on private subscriptions and donations. 
Expenses of delegates to meetings were not paid 
with the result that they were chosen often 
among those who happened to be abroad at the 
right time. The delegates were usually unin- 
structed and hence could not be said to represent 
considered points of view of American scientists. 
Meetings held in this country were financed by 
private donations and did not have govern- 
mental sanction as they did in many other 
countries. These various factors contributed 
to making the influence of the United States in 
international scientific organizations a much 
smaller one than it should have been. 

The countries where the headquarters of these 
unions were established were often ones which 
provided direct governmental support for such 
activities. Quite naturally those countries 
which provided headquarters and made _ sub- 
stantial monetary contributions exerted an 
influence in management much greater than 
others. This sometimes caused friction, and the 
affairs of certain international unions are today 
quite complicated as a result. 

It is the feeling of niany scientists that a cen- 
tral organization under the auspices of the 
United Nations is highly desirable. At the 
same time it is fully realized that it would be 
unwise to abandon all of the previous organiza- 
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tions. The questions of greatest importance, 
therefore, pertain to the scope and duties of the 
new organization and its relationships to older 
ones. Suffice it to say that there is a large 
group of scientists who have come to believe 
very strongly that international cooperation in 
science is a prerequisite to peace. We should 
realize that the United Nations Educational, 
Scientific, and Cultural Organization must have 
a positive program which will capture the imagi- 
nation in order to receive the support of interna- 
tionally minded scientists, particularly those of 
the younger generation. 

It would be impossible in a short discourse to 
present details of the program of UNESCO and 
the history of the steps which have led to its 
formulation. The Preparatory Commission of 
UNESCO was located in London until recently 
and has had the benefit of deliberations by a 
series of committees, one for each of the nine 
divisions, having representatives from many 
different nations. The proposals of these vari- 
ous committees were considered by the Pre- 
paratory Commission during the month of July, 
and a program for UNESCO has been agreed 
upon. This document will form the basis for 
the UNESCO program when that organization 
is formally established in Paris during the 
month of November. 

More than twenty nations have signified their 
intention of participating in UNESCO, and 
many of these nations have established National 
Commissions which will provide channels 
through which UNESCO deals with the various 
governments. It is too early to draw positive 
conclusions concerning the importance of the 
role science will play in UNESCO, but we as 
scientists have some right to feel discouraged at 
the present time. Science is inadequately rep- 
resented on the United States Commission. Un- 
til the personnel composing the Secretariat, the 
General Conference, and the Executive Board of 
UNESCO have been chosen, however, judgment 
concerning the importance of the part to be 
played by science must be reserved. At present 
there is little ground for optimism. 

The program in Natural Sciences for UNESCO 
is described in a pamphlet entitled ‘Science and 
UNESCO” published under the auspices of the 
Preparatory Commission. The main points in 
this program will be discussed briefly. 


(1) Speed up the work of scientific rehabilita- 
tion. Something is already being accomplished 
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by other international agencies, such as UNRRA. 
Everything should be done to, further science in 
those countries where it has suffered because of 
the war. This is a temporary program and 
should not form the basis for the main activities 
to be followed for many years. 

The United States Commission has recom- 
mended that a survey of needs be given the 
highest priority. Such surveys are now under 
way in a more or less uncoordinated manner. 
However, surveys are not enough, and further 
positive action is essential. 

(2) Organize and operate an international 
science service system. Many tasks could be 
performed under this heading. Those which 
are started first will be those for which funds and 
personnel are available. A few might be men- 
tioned: collection and dissemination of scientific 
publications and data; facilitation of the travel 
of scientific workers, especially by aiding the 
transportation of specimens, lantern slides, and 
manuscripts; encouragement, perhaps by finan- 
cial help, of attendance at international meet- 
ings; compilation of a ‘Who's Who” of scientific 
and technological workers so as to give informa- 
tion for the proper selection of individuals for 
international undertakings; the sending of scien- 
tists to aid in bringing up the scientific level in 
those countries which have never been preemin- 
ent in research; creation of a scientific apparatus 
information bureau; the publication of general 
science text books which would show the continu- 
ity and the international character of scientific 
knowledge. 

(3) Regional Science Cooperation Stations. 
The need for such centers is quite obvious since 
UNESCO must aid all countries. No central 
organization without branches in the various 
parts of the world could possibly be effective. 
The collection of information concerning needs 
in devastated countries demands a network of 
regional offices able to call on volunteer workers 
to perform many of the tasks. At least at the 
start UNESCO will possess inadequate funds to 
carry out extensive surveys by any other system. 

(4) Support and extend the International 
Scientific Unions and their work. It. will be 
necessary to create certain new unions, to pro- 
vide continuing sources of income for those 
already in existence and even in some cases to 
provide office space and secretarial help. Often 
the international unions may prove to be the 
best means for performing important interna- 
tional functions sponsored by UNESCO. On 
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the other hand, UNESCO must exercise the 
greatest tact and judgment in dealing with 
certain unions. The question may well arise as 
to how much control of them UNESCO could or 
should exert. While it is obvious that other 
agencies than UNESCO must perform many 
functions, this question may prove to be one of 
the most difficult for which to find a satisfactory 
solution. 

(5) Cooperate in scientific matters with the 
United Nations and its other specialized agencies. 
These other agencies are those for Aviation 
(PICAO), Food and Agriculture (FAO), and 
World Health (WHO). The need for such co- 
operation is so obvious as to need little comment. 
It will be essential to avoid duplication of effort 
and to ensure that the scientific programs of all 
United Nations organizations form a coordinated 
whole. Above all, jealousies and undesirable 
grasping for control must be prevented. Since 
no superagency has been visualized to allocate 
responsibility on scientific matters, these ends 
will have to be accomplished largely by frequent 
direct contacts and by good will. It is at this 
point as much as at any other that choice of key 
personnel would seem to be important. 

(6) Inform the peoples in all countries of the 
international implications of scientific discover- 
ies. This can be accomplished through the 
press, the radio, by moving pictures, by lectures, 
exhibits, museums, etc. Since support for sci- 
ence must come from all nations and since the 
benefits of science should be universal, a wide 
appreciation of science must be cultivated. 
Care must be exercised in preventing all atten- 
tion to be devoted to mass media. Important 
also is the improvement in scientific training, 
particularly in those countries where higher 
education hardly exists. 

(7) New international scientific projects. 
Many of these have been suggested and most of 
them would take funds in excess of anything 
available for the first year. Realism dictates, 
therefore, that these projects will have low 
priority in time, but their importance is great. 
For example, certain countries do not have and 
may never be able to afford scientific institutes 
of certain types. Such things as observatories 
and the apparatus for some physical research are 
very expensive. Are the citizens of certain 
countries to be debarred from such fields of re- 
search or, if not debarred, must they look for 
hospitality among nations more adequately 
equipped? Might it not be possible to have 
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some international institutes where citizens of 
any nation may work? There are also certain 
researches of a regional character which can best 
be solved by cooperative effort. Research 
institutes take money, and their establishment 
takes time. Perhaps UNESCO should never 
administer them. But UNESCO should see 
that this type of program is carried forward as 
rapidly as possible. It is essential that we do not 
fall into the errors of the 1920’s when every 
nation was afraid to give real responsibility to 
an international organization. 

The United States Commission has recom- 
priorities among the above 
seven points, the priorities placing the projects 
nearly in the order in which they have been 
listed: (1) rehabilitation survey; (2) stimulate 
and facilitate exchange of students, teachers, and 
investigators in science (this can be a very im- 
portant part of the rehabilitation program); (3) 
encouragement of greater activity by established 
organizations having an international character; 
(4) cooperation with the other United Nations 
specialized bodies; (5) the establishment of an 
international system for disseminating informa- 
tion regarding science, including regional co- 
operation stations; (6) public dissemination of 
scientific discoveries and their immediate and 
long-range implications for the people of the 
world; (7) the establishment of new scientific 
projects requiring international collaboration in 
specific geographic regions. 

These priorities are not too realistic in some 
respects. The organization must be established 
before the first four points can be carried forward 
effectively, but the fifth point is organizational 
in character and might, conceivably, have to 
precede any of the others. 

In the last analysis two questions must be 
answered before predictions concerning the 
character of UNESCO can be made: Is UNESCO 
to be a strong organization with adequate staff 
and sufficient funds to carry out the above pro- 
gram? If not, is it to be an advisory and co- 
ordinating body dependent on other organiza- 
tions to perform the really basic tasks, but having 
all of the faults of international organizations 
before the war? These questions are vital, and 
unanimity on them is by no means apparent 
among scientists. 

Regimentation by an international organiza- 
tion would not be desirable and is not intended 
by those who want UNESCO to be strong. All 
present mechanisms for collaboration should be 
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encouraged if they have a reasonable chance for 
success. But there are areas which have never 
been covered and other areas which are now in- 
adequately covered. The scientifically strong 
nations must help those less fortunately situ- 
ated, not only with material aid, but in estab- 
lishing conditions which will make for universal 
scientific activity throughout the world. Every 
nation must have its own scientists and its own 
research institutes based, however, on a sound 
educational program. This program will take 
time, but it is one which must be followed. Only 
in this way can all peoples participate fully in 
the benefits of science. 

However visionary this program may be, 
logic dictates priorities based on money and per- 
sonnel. Money will not be forthcoming unless 
the organization is sound, and a sound organiza- 
tion depends on the men who compose it. All 
scientists must watch the choice of men with 
great interest and be prepared to help when 
asked. The formal organization of the Secre- 
tariat has not been established. Under the 
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Head of the Division of Natural Sciences it is 
suggested that there be counsellors for pure 
science, for engineering science, for medical sci- 
ence, for agricultural science, a counsellor for 
the Regional offices, and an Administrative 
counsellor. In addition there probably would 
be a number of special counsellors who might be 
at the Secretariat only a few weeks per year. 
These latter could perform special tasks, give 
advice on special problems and bring a breadth 
of view which would be very helpful. 

Thus the program of UNESCO in Natural 
Sciences will be as broad as time, money, and 
personnel will permit. Patience will be neces- 
sary because of the magnitude of the tasks to be 
performed, but all scientists should maintain an 
intelligent interest in UNESCO and aid when 
possible. But the international character of 
UNESCO must be emphasized. The personnel 
must come from many countries, and no one 
should play a domineering role. On the other 
hand, real leadership by those nations well 
endowed with scientific talent is essential. 
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